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I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS 
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT 


The objectives of this study are: 1) a qualitative and quantitative 
inventory of dominant epibenthic species within and near identified oil- 
lease sites in the Bering Sea, 2) a description of spatial distribution 
patterns of selected species in the designated study areas, 3) preliminary 
observations of biological interrelationships, specifically trophic inter- 
actions, between selected segments of the benthic biota in the designated 
study area. 

One hundred and eighty-three stations (207 tows) were successfully 
sampled in 1975 with a 400-mesh Eastern otter trawl in the southeastern 
Bering Sea. The majority of the 1975 stations were within the 80-m 
contour. Total epifaunal invertebrate biomass averaged 3.34 mes 
Ninety-five percent (95%) of the biomass consisted of Arthropoda (58.0%), 
Echinodermata (22.0%), Chordata (Ascidiacea) (8.5%), and Mollusca (6.54). 
Red king crabs (Paraltthodes cantschatica) (21.1%), snow crabs (Chtonoecetes 
optlto [19.9%] and C. batrdt [10.8%]), and the sea star (Astertas amurensts) 
(17.9%) contributed 69.7% of the total epifaunal biomass. King crabs were 
mainly restricted to stations in Bristol Bay. Chtonoecetes optlio was 
mainly caught at depths between 40 and 80 m. Stations in Bristol Bay were 
essentially void of C. optlto while moderate concentrations were found at 
stations north of Unimak Pass. Chionoecetes bairdi was found mainly at 
stations in Bristol Bay and north of Unimak Pass. The distribution of C. 
batrdt was limited to stations south of 58°30'N. Astertas amurensts was 
the most ubiquitous epibenthic species, although it was absent from stations 
immediately north of Unimak Pass. 

In 1976, 81 stations (104 tows) were successfully sampled. Most of 
the stations were at depths greater than 80 m. Epifaunal biomass averaged 
4.88 me) and was dominated by Arthropoda (66.9%) and Echinodermata (11.1%), 
Porifera (sponges) (8.8%) and Cnidaria (anemones) (5.2%) were of lesser 
importance. Chtonoecetes optlio (28.8%), C. batrdi (16.7%), Paraltthodes 
camtschattca (10.8%), and Astertas amurensts (4.7%) were the dominant 
individual species. Both C. optito and C. batrdt were found at most 


Stations in 1976. The major concentration of P. camtschattca was near 


A major portion of the Paraltthodes camtschattea and Chtonoecetes 
batrdt populations occurred immediately north of the Alaska Peninsula. 
This area is also where the major fishery for these species takes place. 
The area is also located in a portion of Bristol Bay under considera- 
tion for petroleum exploration. 

Of the 264 stations sampled, 19 were successfully occupied from 
two to nine times within the same year. At stations where two or more 
tows were taken, the first tow of a series included species that were 
most abundant in number and biomass. Subsequent tows yielded those 
species which were less important in number and biomass. 

Five 30-minute tows and four 60-minute tows were made in 1975 at 
Station D7. A total of 44 taxa was collected from the combined tows. 

No significant difference in number of species and biomass ein) of 
the two tow durations was noted. 

Stomach contents were recorded for one invertebrate species in 
1975. Stomachs of six species of invertebrates and more than 13 species 
of fishes were examined in 1976. Paraltthodes camtschatica fed primar- 
ily on the cockle Clinocardtum ciltatum, the small snail Solartella sp., 
the nut shell Wueculana fossa, the polychaete Cistentdes sp. and brittle 
stars of the family Amphiuridae. Polychaetes and ophiuroids were the 
dominant food items in Chtonoecetes opilto stomachs. Clams and brittle 
stars were the only two food items found to be very important in both 
crabs. Among the sea stars, Astertas amurensts fed on Pandalus gontiurus 
(humpy shrimp), Ectoprocta (bryozoans) and cockles (Cardiidae, presumably 
Clinocarditum sp.) while Leptastertas polarts acervata fed exclusively on 
cockles. The fishes showed a variety of food preferences. Gadus macro- 
cephalus (Pacific cod) fed mainly on Pandalus borealis (pink shrimp) 
while Hemtleptdotus paptlto (Irish lord) consumed polychaetes, gammarid 
and caprellid amphipods, Theragra chaleogramna (pollock), and miscellane- 
ous fishes with about equal frequency. Retnhardttus htppoglossoides 
(Greenland halibut) consumed mainly fishes. 

It is suggested in this report that comprehension of the relationship 


between oil, sediment, deposit-feeding clams, king and snow crabs is 


essential to an understanding of the potential impact of oil on the latter 


two commercially important species. 


In 1975, man-made debris was recorded for 12 tows; in 1976, 43 of the 
104 tows contained debris. Of the total number of debris-containing tows, 
90% were in the most intensively fished region of the southern Bering Sea. 

Initial assessment of all data suggests that: 1) sufficient station 
uniqueness exists to permit development of monitoring programs based on 
species composition at selected stations utilizing trawl techniques, and 
2) adequate numbers of biologically well-known, unique, and/or large species 
are available to permit nomination of likely monitoring candidates once 


industrial activity is initiated. 


II. INTRODUCTION 


General Nature and Scope of Study 


The operations connected with oil exploration, production, and trans- 
portation in the Bering Sea will present a wide spectrum of potential 
dangers to the marine environment (see Olson and Burgess, 1967, for general 
discussion of marine pollution problems). Adverse effects on the marine 
environment cannot be quantitatively assessed, or even predicted, unless 
background data are recorded prior to industrial development. Insufficient 
long-term information about an environment, and the basic biology of species 
in that environment, can lead to erroneous interpretations of changes in 
species composition and abundance that might occur if the area becomes al- 
tered (see Baker, 1976; Nelson-Smith, 1973; Pearson, 1971, 1972; Rosenberg, 
1973, for general discussions on benthic biological investigations in indus- 
trialized marine areas). Populations of marine species fluctuate over a 
time span of a few to 30 years (Lewis, 1970, and personal communication), 
but such fluctuations are typically unexplainable because of absence of 
long-term data (Lewis, 1970). 

Benthic invertebrates (primarily the infauna, and sessile and slow- 
moving epifauna) are particularly useful as indicator species for a dis- 
turbed area because they tend to remain in place, typically react to long- 
range environmental changes, and, by their presence, generally reflect the 
nature of the substratum. Consequently, organisms of the infaunal benthos 


have frequently been chosen to monitor long-term pollution effects, and 
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are believed to reflect the biological health of a marine area (see Pearson, 
1971, 1972; and Rosenberg, 1973, for discussion on long-term usage of 
benthic organisms for monitoring pollution in fjords). The presence of 
large numbers of benthic epifaunal species of actual or potential commercial 
importance (crabs, shrimps, snails, fin fishes) in the Bering Sea further 
dictates the necessity of understanding benthic communities since many com- 
mercially important species feed on infaunal and small epifaunal residents 
of the benthos (see Zenkevitch, 1963; and Feder, 1977 and 1978, for a dis- 
cussion of the interaction of commercially important species and the benthos). 
Any drastic changes in density of the food benthos could affect the health 
and numbers of these economically important species. 

Experience in pollution-prone areas of England (Smith, 1968), Scotland 
(Pearson, 1972, 1975), and California (Straughan, 1971) suggests that at 
the completion of an exploratory study, selected stations should be examined 
regularly on a long-term basis to monitor species content, diversity, abun- 
dance and biomass. Such long-term data acquisition should make it possible 
to differentiate between normal ecosystem variation and pollutant-induced 
alteration. Intensive investigations of the benthos of the Bering Sea are 
also essential in order to understand the trophic interactions there and to 
predict the changes that might take place once oil-related activities are 
initiated. 

The 1975-76 trawl study considered in this report delineates the major 
epifaunal species on the eastern Bering Sea shelf in regions of offshore oil 
and gas concentrations. Data were obtained on faunal composition and abun- 
dance which now are baselines to which future changes can be compared. 
Long-term studies on life histories and trophic interactions should define 
functional aspects of communities and ecosystems that are vulnerable to 
environmental damage, and should help determine the rates at which damaged 


environments can recover. 


Relevance to Problems of Petroleum Development 


Lack of an adequate data base makes it difficult to predict the effects 
of oil-related activity on the subtidal benthos of the Bering Sea. However, 
the rapid expansion of research activities in the Bering Sea should ulti- 


mately enable us to point with some confidence to certain species or areas 
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that might bear closer scrutiny once industrial activity is initiated. It 
must be emphasized that a considerable time frame is needed to comprehend 
long-term fluctuations in density of marine benthic species; thus, it 

cannot be expected that short-term research programs will result in adequate 
predictive capabilities. Assessment of the environment must be conducted 

on a continuing basis. 

As indicated previously, infaunal benthic organisms tend to remain in 
place and consequently have been useful as an indicator species for dis- 
turbed areas. Thus, close examination of stations with substantial comple- 
ments of infaunal species is warranted (see Feder, 1977, and National 
Oceanographic Data Center (NODC) data on file for examples of such stations). 
Changes in the environment at these and other stations with a relatively 
large number of species might be reflected in a decrease in diversity of 
species with increased dominance of a few (see Nelson-Smith, 1973, for 
further discussion of oil-related changes in diversity). Likewise, sta- 
tion with substantial numbers of epifaunal species should be assessed on a 
continuing basis (see Feder, 1977, for references to relevant stations). 

The effect of loss of species to the overall trophic structure in the Bering 
Sea can be conjectured on the basis of available, limited food studies (Feder, 
1977; Smith, 1978; Tsalkina, 1969; Mineva, 1964; Shubnikov, 1963; Shubnikov 
and Lisovenko, 1964). 

Data indicating the effect of oil on subtidal benthic invertebrates are 
fragmentary (Nelson-Smith, 1973; Boesch et al., 1974; Malins, 1977), but it 
is known that echinoderms are "notoriously sensitive to any reduction in 
water quality" (Nelson-Smith, 1973). Echinoderms (ophiuroids, asteroids, 
and holothuroids) are conspicuous members of the benthos of the Bering Sea 
and could be affected by oil activities there. Two echinoderm groups, 
asteroids (sea stars) and ophiuroids (brittle stars), are often components 
of the diet of large crabs (Cunningham, 1969; Feder, 1977; G. Powell, ADF&G, 
personal communication) and a few species of demersal fishes (Smith, 1978; 
Wigley and Theroux, 1965). Snow crabs (Chtonoecetes batrdt and C. optlto) 
are conspicuous members of the shallow shelf of the Bering Sea, and support 


commercial fisheries of considerable importance there. Laboratory experiments 
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with C. batrdi have shown that postmolt individuals lose most of their legs 
after exposure to Prudhoe Bay crude oil (Karinen and Rice, 1974); obviously 
the effect of oil on postmolt snow crabs must be considered in the continuing 
assessment of this species. Little other direct data based on laboratory 
experiments are available for subtidal benthic species (Nelson-Smith, 1973). 
Thus, experimentation on toxic effects of oil on other common members of the 
subtidal benthos should be strongly encouraged for the future in Outer Con- 
tinental Shelf (OCS) programs. 

A direct relationship between trophic structure (feeding type) and 
bottom stability has been demonstrated (Rhoads, 1974). A diesel fuel spill 
resulted in oil becoming adsorbed on sediment particles with the resultant 
mortality of many deposit feeders living on sublittoral muds. Bottom stabi- 
lity was altered with the death of these organisms, and a new complex of 
species became established in the altered substratum. Many Bering Sea in- 
faunal species are deposit feeders; thus, oil-related mortality of these 
species could likewise result in a changed near-bottom sedimentary regime 
with subsequent alteration of species composition. An understanding of 
these species as well as epifaunal organisms and their interactions with 
each other is essential to the development of predictive capabilities 


required for the Bering Sea outer continental shelf. 


III. CURRENT STATE OF KNOWLEDGE 


The macrofauna of the Bering Sea is relatively well known, and data on 
distribution, abundance, and feeding mechanisms for infaunal species are 
reported in the literature (Feder et al., 1976; Filatova and Barsanova, 
1964; Kuznetsov, 1964; Lowry et al., 1977, McLaughlin, 1963; Tsalkina, 
1969; Pereyra et al., 1976; Feder, 1977; Neyman, 1960, Stoker, 1973). The 
relationship of infaunal feeding types to the overlying winter ice cover 
and to primary and secondary productivity in the water column is not known. 
Also, data on temporal and spatial variability of the benthic fauna are sparse. 

Epifauna of the eastern Bering Sea was first examined by the Harriman 
Alaska Expedition (Merriam, 1904). Additional, but limited, information is 
found in the reports of the pre-World War II king crab investigations 


(Fishery Market News, 1942) and from the report on the fishing and processing 
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operations of the Pactfie Explorer in 1948 (Wigutoff and Carlson, 1950). 
Some information on species found in the northern Bering Sea is included in 
the reports of the U.S. Fish and Wildlife Service (Ellson et al., 1949, 
1950). Neyman (1960) published a quantitative report, in Russian, on benthic 
communities in the eastern Bering Sea. A phase of the research program con- 
ducted by the king crab investigation of the Bureau of Commercial Fisheries 
for the International North Pacific Fisheries Commission during the summers 
of 1958 and 1959 included an ecological study of the eastern Bering Sea 
(McLaughlin, 1963). Sparks and Pereyra (1966) presented a partial checklist 
and general discussion of the benthic fauna of the southeastern Chukchi Sea 
for the summer of 1959. Their marine survey was carried out in the south- 
eastern Chukchi Sea from the Bering Strait to just north of Cape Lisburne 
and west to 169°W. Some species described by them in the Chukchi Sea 
extend into the Bering Sea and are important there. 

The distribution, biomass and turnover rates of sediment-dwelling 
microflora, diatoms, microfauna, and meiofauna have not been determined; 
it is essential that the roles of these organisms be clarified if the Bering 
Sea benthic system is to be comprehended. It is probable that some of these 
organisms are vital biological agents for recycling nutrients and carbon 
from sediment to the overlying water mass (see Fenchel, 1969; and Fenchel 
and Jérgensen, 1977, for reviews). Of unique interest in the Bering Sea is 
the potential relationship of the ice edge and under-ice primary productivity 
blooms to the underlying benthic-biotic-chemical system (V. Alexander, IMS., 
Univ. of Alaska, personal communication). 

Crabs and bottom-feeding fishes of the Bering Sea exploit a variety of 
food types, benthic invertebrates being most important (Feniuk, 1945; 
McLaughlin and Hebard, 1961; Takeuchi, 1959, 1967; Mineva, 1964; Shubnikov 
and Lisovenko, 1964; Cunningham, 1969). Most of these predators feed on 
the nutrient-enriched upper slope during the winter, but move into the 
shallower and warmer waters of the shelf of the southeastern Bering Sea 
for intensive feeding and spawning during the summer. Occasionally they 
exploit the colder northern portions of the Bering Sea shelf. This dif- 
ferential distribution is reflected by catch statistics which demonstrate 
that the southeastern shelf area is a major fishing area for crabs and bot- 


tom fishes. The effect of intensive predatory activity in the southern vs. 
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the northern part of the shelf may be partially responsible for the lower 
standing stock of the food benthos in the southeastern Bering Sea (Neyman, 
1960, 1963). It is apparent that bottom-feeding species of fisheries 
importance are intensively exploiting the southeastern Bering Sea shelf, 
and are often cropping what appear to be slow-growing species such as 
polychaetous annelids, snails and clams (Feder, unpublished observations). 
However, nektobenthic and pelagic crustacea such as amphipods and euphau- 
siids may grow more rapidly in the nutrient-rich water at the shelf edge, 
and may provide additional important food resources there. 

Some marine mammals of the Bering Sea feed on benthic species (see 
Lowry et al., 1977). Walrus feed predominantly on what appear to be slow- 
growing species of molluscs, but seals prefer the more rapidly growing 
crustaceans and fishes in their diets (Fay et al., 1977; Lowry et al., 1977). 
Although marine mammals show food preferences, they are opportunistic feed- 
ers. As a consequence of the broad spectrum of food utilized and the 
exploitation of secondary and tertiary consumers, marine mammals are dif ti= 
cult to place in a food web and to assess in terms of energy cycling. 
Intensive trawling, hydraulic dredging, and oil-related activities on the 
Bering Sea shelf may adversely affect benthic organisms used as food by 
marine mammals. If benthic trophic relationships are altered by the latter 


activities, marine mammals may have their food regimes altered. 


IV. STUDY AREA 


Stations were occupied in conjunction with the National Marine Fish- 
eries Service Resource Assessment trawl survey (Pereyra et al., 1976) which 
sampled an area encompassed by an outer boundary extending along the shelf 
edge from Unimak Pass to the vicinity of St. Matthew Island, from St. 
Matthew Island to the coast, and along the coast to Bristol Bay (Figs. 1 
and) 2: |Table i). 


V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION 


Specimens were collected onboard the NOAA Ship Miller Freeman. One- 


half-hour and one-hour tows were made at predetermined stations using a 
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TABLE I 


SOUTHEASTERN BERING SEA BENTHIC TRAWL STATIONS OCCUPIED BY THE NOAA SHIP 
MILLER FREEMAN, 1975 AND 1976 


1975 
Stations Latitude Longitude Depth m 
F2 562378 166°59' 930 
G2 Byer Sy) 167°03' 72.8 
G1 S70 NG EDS) 
G18 S/O 168°14' esKO)AuL 
H18 Sino 168°18' TAN (0) 
H19 a ie20" L68e53e 70.0 
119 57-39" 168°59' 68.3 
120 Bye 169°35' 68.0 
J20 57-59" 169° 36' 69.2 
J2i: 58200 T7/Os 6" 12358 
K21 58219" L7Oe20" 128 
L21 538239" 1/O-15s 70.0 
Mep272 58°40' THOS 59¥ 80.5 
M22 58°58' ea OSe 75.6 
N22 59°20' e/a OF Wsieal 
N23 59220" Lilia SOM 
023 59°40! 7a aah 
P25) 60°00! L756 65.0 
Q22 60°20' ible Aaey 66.0 
Q21 60724" 170°40' 66.0 
Q20 60°20' 170202" 50.0 
Q19 60a210 169°24' 43.0 
Q18 60° 20' 16842 * 32.0 
Ql 60°22' 168°02' 2S 42: 
Q2 60°22" 167°22' 262 
LAL 60°01" 168°00' 24.0 
P18 60°00! 168°42' 36.4 
P19 60°00" 169°16' 44.0 
P20 60°00' 169°58' 5210 
P21. 60°00' 170° 36' 592 
P22 60°00' AT SA6 68.3 
022 59°41' efdacol cane 71.0 
021 59°40! W/0z35* 66.0 
020 59°40' 169°56' 5520 
019 59°40! 169°16' 46.0 
018 59°40' 168° 38' 36.4 
o1 59°40° L67e59" 335/85 
02 59°40' aKow/ 7X0) 3270 
03 59°40! 166°39' 25) 30) 
O04 59°40' V65c56" 2455 
N4 59°20' 16556" 20.5 
N5 59°20" 165°19' 22...0 
N6 59°20" 164°38' 24.0 
N7 5Ocaey. 164° 02s 24.0 
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TABLE I 


CONTINUED 
1975 
Stations Latitude Longitude Depth m 
M8 59°59" 6S 220 24.0 
M7 59°01" 163°59' Z8i12 
M6 59°00' 164°37' 28.2 
M5 59°00' 165°16' 29.0 
M4 59°00' 16d 54" 32.0 
M3 59°01" 6 OeSi Syay/ 
N3 Sealy 166°38' 30.0 
N2 59°20' 167°16' 35.0 
N1 59°20' Lovso2! 38.2 
N18 59°20' N6Se324 40.0 
N19 59°20' 169°10' 52)..0 
N20 59°20' 169°51' 63.0 
N21 59°20' 170°30' Halas) 
M21 59°00" 17OS28" 74.0 
M20 59°O1' 169°45' 65.0 
M19 59°00" 169°09' 58.0 
M18 59°00' 168° 33" 48.0 
M1 59°00' 167.54 44.0 
M2 59°01" Ooo 42.0 
Ll 58°40" 167°48' 48.0 
L18 58°40' 168°24' 55.0 
L19 58°40' 169°05' 66.0 
L20 58°40! 169°42' ARLE) 
K20 58°20" 169°41' 73:0 
K19 53220" 169°05' TAURI) 
K18 58°20" NOS 27 12.0 
K1 58°20" 1677-50" 66.6 
J1 58°O1' 167°43' 70.0 
J19 58°00' 168°58' 74.0 
J18 58°00' OS e230 74.0 
118 Byheiby 168°22' 74.0 
Il S74" 67745! 13.0 
H1 57°20' 167°41' 76.4 
D7 56°00' 164°01' 92.8 
C6 55°40! 164°34' TESA) 
B5 522i 165°10' 98.6 
A4 55°00' 165°44' 134.0 
BC3/4 55230! 166°04' 126.7 
B3 554208 166°18' 1532550 
AB2/3 55709)" 166°39' 146.0 
ZA1/2 54°49! 167°06' 355.0 
A2 55°00' 166,50." 159.5 
Fl 56°40' 167°38' 103.5 
H2 Syaey 167°04' 74.6 
12 57° 395 167°09' 7ACAO) 
13 57°40" 166° 30" 69.1 
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CONTINUED 
1975 
Stations Latitude Longitude Depth m 
14 See Oe nl{ey59> Sy 66.0 
H4 yeah 1N@)5) 25)0) 40.0 
G5 SimOOs 1652113)" 74.6 
H5 Sie ZON 65iei5:* 80.3 
15) 57°40" 165516" 63s 
16 Sia OU 164° 38' 55.0 
H6 Di wane ISS Shy) Gis 
G6 By Sky 164°37' 730 
FG6/7 Soe sya HG Zealto 74.6 
A3 So OOW 166°16' 138.0 
F3 56°39! 166°24' S93 
G3 56°58' 66527 * T2o 
Z3 54°40! 166°16' 32201 
AZ2/3 SASS Oe 166° 34' 188.3 
AZ3/4 bye Gh 166°O1' 15664 
AZ4/5 54°50' 165250 148.0 
Z 54°42! 165205)" 88.3 
D6 55259! 64°35)" 93.6 
DE6/7 565 1a 164°16' 91.0 
E6 56720)" 64S 35) 89 
EF5/6 56°29! 164°55' 81.0 
F6 56°40! 164°35' 16738 
G7 56259)" 164°00' 69.1 
G8 57°00! 163:°26' (5) 55) 
GH8/9 57° 1.0" 163°06' 68.2 
G9 Sie Oils! 162°48' 61.6 
FG9/10 Somos 162°36' (oy) 5) 
FLO 56238" 162°10' 1De4 
EF11/10 56°28' ode 52' 82.8 
AZ5/6 yA Sly 164253" TDG) 
A5 55°00! 165°09' fees 7 
BA4/5 55210" 165°26' 207 ca 
B4 520 165°44' IPs 7/ 
AB3/4 55°09" 166°00' 13223 
Z4 SYATAO)' 165°46' 319.0 
H3 Di 20" 166° 29' 71.0 
G4 B/S ayy M650 52° 7 SY(0) 
F4 56°39" 165°48' Tesi) 
F5 56°40! 16s se ies 
iby/ Dice Ol 163°59' BAR (0) 
H7 ST220" 164°00' 63.0 
H8 Dia20" MOo3233 54.0 
H9 By 162°48' 50.0 
TH9/10 57°29! 62> 27." 50.0 
nly Syyfsssis) 160°56' 56.4 


TABLE I 
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CONTINUED 
1975 
Stations Latitude Longitude Depth m 
m2 13 57°49!" 160° 36' By BS) 
eS, 51259 LOO S 3)3)50) 
JK13/14 5Scalu* Woy) 5y7/\ 42.0 
K14 58°20' 5 Oi Dil 3 
K13 58°18' 6 Osos 25,6) 
JK12/13 58°09" 160°34' 44.0 
J12 58°00' NGOS 517 46.0 
IJ11/12 550" 161°08' (ATES) 
Jae: 58°00' 16129" 55.6 
JK11/12 58°10' Giese" Ghee 
K12 SevOy 16025 1e" 48.5 
J10 58°00' IU ai(0))4 DO 
JK10/11 Espey AGH 2 40.0 
K11 585 20% 161°29' Seay 
K10 byeyealsyy 162203! 46.6 
K9 DS c2ie 62 745) 32.0 
L9 58°40' 162.243" 24.0 
L8 58°40! MG Sie Te 32.0 
Mey) 58°40" 163°58' 35:50 
L6 58239)! 643i. Stein 
L5 58°40' a(S) ealyAy 39.1 
L4 58o4i:" 165°58' 36.4 
eZ bys ay ayy 45.0 
K2 58°20' WG y/eeclale 54.0 
J2 58°00' 167°08' 66.0 
L3 58°39" 166° 34' 44.0 
K3 58o210 166233, Aes 
3 583,010" 166°30' 62.0 
J4 58°00' 165251' BG 7/ 
K4 58°19! 165°54' UST HS} 
J5 58°00' aL(Gy5) at 50.0 
K5 58in2a" 16 Des 46.0 
K6 58°21" 164° 39! 45.0 
K7 58e20! 164201" 42.0 
K8& 58a22" T63ie24. Bisse: 
J6 BY eke H64R35" 47.3 
7 58°00' 164°00' 47.3 
J8 58°00' 163223) 45.0 
J9 SY rosy 162°49' 45.0 
19 Gye E2252 46.0 
18 57°40" LESLI2" 49.8 
DE11/12 565 Iai? 161°18' 43.0 
E12 56420" LEM O2 bys) A(0) 
G12 SPO 160°58' 65.6 


TABLE I 


Zi 


TABLE IL 


CONTINUED 

1975 

Stations Latitude Longitude Depth m 
GH12/13 570% 160c35" 65.6 
G13 57-00" 160222" 65.6 
F13 56°39! 160=20¢ 54.6 
E13 Son2 3 160°30' SW/GS) 
F14 56°40' 159°45' 38.2 
G14 Syl. 159°44' 56.6 
G15 by balk Ly 160°00! 60.0 
GHIA 2s by fala Lod 218)" 68.2 
G10 57 2 Os! 162°07' py )aal 
F9 56°40' 162°50' 73.0 


TOTAL STATIONS 191 
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TABLE I 


CONTINUED 
1976 
Stations Latitude Longitude Depth m 
Z) 54°48" 165°17' 168.0 
Z4 SYA 163°38' 346.5 
AZ5/6 542/50)" 164°50' P24 
A6 55°00' 164°35' 111.0 
B7 55°19" 163°56' 71.0 
AB7/8 55°09! 163°43' 46.0 
B8 55°19" 163°24' 55.0 
Z2 54°55" 166°42' 358.5 
ZA2/3 byhmisy Ay 166°27' 160.9 
A3 55°00' 166°16' 145.6 
AB3/4 55°09! 166°01' 132.8 
B4 55°19" 165°43' MNS i572: 
BC4/5 SOs UGS QTY 117.3 
C5 55°40" 165°10' 112.4 
CD5/6 55°50" 164°53' 99.1 
D6 55°56" 164°35' 96.4 
DE6/7 56°08' GAS 27)! 91.8 
DE3/4 56°10" 166°07' 110.1 
D3 56°01" 166°20' 125.4 
CD2/3 55°48" 166°39' 136.0 
C2 55240! 166°56' 138.3 
BC1/2 55°30" 167°10' 140.1 
BL S519" 167°28' 150.1 
AB18/1 55°10" oie 43" 199.0 
C19 55°36" 168° 39' 277.55 
C019/18 55°49! 168°23' 14357 
D18 56°00' 168°07' 147.0 
DC18/1 56°10" 167°50' 140.5 
EF19/18 56g 25" 168° 33' 122.8 
E19 56245 168°45' 15330. 
AZ4/5 54°49" 165°23' 161.0 
A5 54°59! 165°09' 116.4 
AB5/6 55°09" 164°55' 155.0 
B6 55°19" 164°34' 105.9 
BC6/7 55°28" 164°16' 104.6 
C7 55°42" 163°58' 100.1 
D8 55°58" N6Su220 93.7 
CD7/8 55°50" 163°42' 96.4 
EF23/24 56y27" 171°24' 179.6 
ED23/22 56°11" 70251" 150.9 
E22 56°19' 170235." 127.1 
EF21/22 56°29' 170°15' IS SZ 
F21 56°40" 170°03' 107.6 
EF20/21 56°31! 169°41' 86.0 
D21 56°01" 169°58' 144.4 
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TABLE I 


CONTINUED 
1976 
Stations Latitude Longitude Depth m 
DE20/21 56; 2! 169°42' 31345 
E20 Som ALG yy 169°19' USS Gh 
EF19/20 56°31" 169°02' HOD 
F19 560410" 168°47' 109.7 
G20 SHON 692292 67.7 
FG21/20 Oman 169°39' Tae 
G19 57°00' 168°50' 85): 
FG19/18 Soma OF 168°33' 103.4 
FG19/20 56°48' 169°07' 89.6 
F20 Sora! 169°21' 80.5 
E21 56021! 169°56' 126 
D22 5or03! E7012! V4 2 ou 
EF24/25 Seg 40 L72202* 181.0 
F24 Soa iba ony 2702: 
FG24/23 56°51" ee 2. IPAQ 7/ 
G23 STO OF le7plaeal Gye qe 
HI25/24 SiS Oe 172220" MARS 
H25 57220! A235" 116.4 
GH25/26 ype ils AD Sa5 19) 2 
FG27/26 56°47' B22" 192.8 
G26 S008 T/S}= Oy) abs )5y, it 
IJ26/27 57°50! 723 oN 140.0 
D2 57250" T73C47" 327-50 
KL28/27 58°34" T7AS24 19973 
L27 58°40" V74°12' 15536 
LM27/26 58°44" 174°02' 139.0 
124 S72 Siow L722 04" LB SO 
MB13 B57 Shy 163°49' 48.0 
MB4 56945" 159.253)" 28.0 
Haul 103 56°09" 62255" 84.0 
MB9 57310" 160°08' 54.0 
MB25 58°19! 163°13' Sil) 
MB22 57°50" 162214" 45th 
MB1O Sy ake 161°08' 65.9 
MB19 56°40' 163°58' 76.8 
MB16 54053" 166°48' OZ 
MB55 Sin Sil 70221" TD il 
MB69 D0" 1732020 ii oy 5} 
MB86B 58°40" Ayes} Als) y 7 6.0 
MB46 Seon 168°04' USD 
MB37 P5706! 167°0O1' 76.4 
MB28 by /ea/ay 165,02" Wilkes 
MB18A 562018 165203" 97.0 


TOTAL STATIONS 87 
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commercial size 400-mesh Eastern otter trawl. Multiple tows were made at 
selected stations for comparative purposes. At Station D/, a series of 
tows were made for the purpose of comparing data by different trawl dura- 
tions. Due to the difficulties in maintaining station position a series 
of tows taken at a given station were not all taken precisely on station, 
but rather each tow sampled an area near the coordinates of the particular 
station. Large catches were weighed in their entirety and subsampled. 

All invertebrates were sorted out on shipboard, given tentative identifica- 
tions, counted, weighed when time permitted, and aliquot samples of indi- 
vidual species preserved and labeled for final identification at the 
Institute of Marine Science, University of Alaska. Counts and weights of 
commercially important invertebrate species were recorded by the National 
Marine Fisheries Service biologists in accordance with contractual agree- 
ments, and data made available to the benthic invertebrate program. 

For obvious logistic reasons all invertebrates could not be returned 
to the laboratory for verification. Therefore, a subsample of each field 
identification was returned to the University. Closer laboratory exam- 
ination often revealed more than one species in a sample of what was 
designated in the field as one species. In such cases, the counts and 
weights of the species in question were expanded from the laboratory 
species ratio to the entire catch of the trawl. 


Hermit crab weights did not include the shell. 

w 
Tw (Dx1000) ’ 
where w = weight (grams), Tw = width of trawl opening (meters), and 


Biomass per unit area eine is calculated as follows: 


(D x 1000) is distance fished (kilometers x 1000). The data bases for all 
calculations of biomass are included with the station data submitted to 
NODC. 

Selected fish species were collected or their stomachs removed and 
preserved; this material was given to Dr. Ron Smith (University of Alaska) 
for stomach content analysis in 1975 and 1976 (Smith, 1978). 

The stomachs of variable numbers of red king crabs (Paralithodes 
eamtschattea), snow crabs (Chtonoecetes optlto), and selected species of 
fishes were examined to determine food habits. Some food items were iden- 
tified onboard ship. Stomach contents were then placed in "Whirlpak" bags 


and fixed in 10% buffered formalin for final identifications at the 
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University of Alaska. Analysis of stomach contents was carried out using 
the frequency of occurrence method. In the latter method, prey organisms 
are expressed as the percent of stomachs containing various food items from 


the total number of stomachs analyzed. 


VI. RESULTS 


Distribution, Abundance and Biomass 


Trawling operations during 1975 and 1976 resulted in the collection of 
animals from 11 phyla, 21 classes, 109 families, and 233 species (Tables IL 
and III) of epifaunal invertebrates. In 1975, sampling was attempted at 
191 stations (219 tows); 183 stations were successfully sampled (207 tows, 
Fig. 1). In 1976, sampling was attempted at only 87 stations (117 tows) and 
collections were made at 81 stations (104 tows, Fig. 2). It is probable 
that all dominant epifaunal species have been collected in the areas of 


investigation and only rare ones will be added with further trawl sampling. 


The 1975 sampling pertod 


The majority of the stations occupied in 1975 were within the 80-m con- 
tour (Fig. 1; Table I). Total epifaunal invertebrate biomass averaged 
334 eines Four phyla dominated the epifaunal invertebrate biomass (Table 
IV). Winety-five percent (95%) of the biomass was made up of these groups: 
Arthropoda (58.0%), Echinodermata (22.0%), Chordata (Ascidiacea) (8.5%), 
and Mollusca (6.5%). 

A pattern of biomass dominance by a few families was found. Five 
families made up 87.5% of the total epifaunal invertebrate biomass (Table 
V). Similarly, only 11 species contributed over 1% each to the total 
epifaunal invertebrate biomass (Table VI). 

The crabs, Paralithodes camtschattca, Chtonoecetes opilio, C. batrdi, 
and the sea star, Astertas amurensis, contributed 69.7% of the total epi- 
faunal biomass (Table VII). 

Paraltthodes camtschattca, the commercially important red king crab, 
was the dominant invertebrate, by weight, in the area. King crabs averaged 


slightly over 1 kg in weight and made up 21.1% of the total epifaunal 


Text continued on Page 33 
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TABLE II 


A LIST OF INVERTEBRATE SPECIES TAKEN BY TRAWL FROM THE S.E. BERING SEA 
ON THE NOAA SHIP MILLER FREEMAN, 1975 AND 1976 


es 


Phylum Porifera 
Unidentified species 
Phylum Cnidaria 
Class Hydrozoa 
Unidentified species 
Class Scyphozoa 
Unidentified species 
Class Anthozoa 
Unidentified species 
Subclass Alcyonaria 
Family Nephtheidae 
Eunephthya rubtformis (Pallas) 
Family Paragorgiidae 
Paragorgia arborea 
Family Virgulariidae 
Stylatula gractle (Gabb) 
Family Actiniidae 
Unidentified species 
Phylum Annelida 
Class Polychaeta 
Unidentified species 
Family Polynoidae 
Unidentified species 
Family Nereidae 
Unidentified species 
Family Flabelligeridae 
Brada sachaltna 
Family Pectinariidae 
Cistentdes hyperborea 
Family Serpulidae 
Crucigera trregularts 
Family Aphroditidae 
Aphrodita japontea Marenzeller 
Class Hirudinea 
Notostomobdella sp. 
Caretnobdella sp. 
Phylum Mollusca 
Class Pelecypoda 
Unidentified species 
Family Nuculanidae 
Nuculana fossa Baird 
Yoldta myalts 
Yoldia setssurata 
Yoldta hyperborea Torrell 
Yoldia semtnuda Dall 
Family Mytilidae 
Mytilus edults 
Musculus ntger (Gray) 
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TABLE II 


CONTINUED 


Musculus discors (Linnaeus) 
Modiolus modtotus 
Family Pectinidae 
Chlamys pseudotslandica 
Chlamys rubtda (Hinds) 
Peeten caurinus 
Family Anomiidae 
Pododesmus macrochtsma 
Family Astartidae 
Astarte montagut 
Astarte alaskensts 
Family Carditidae 
Cyclocardia crebricostata Krase 
Cyclocardia ventrtcosa 
Cyelocardia crasstdens 
Family Kelliidae 
Pseudopythina compressa 
Family Cardiidae 
Clinocardiun ciltatum (Fabricius) 
Clitnoecardium caltfortense (Dall) 
Serrtpes groenlandtcus (Bruguiere) 
Family Veneridae 
Ltocyma fluetuosa 
Family Mactridae 
Spisula polynyma (Stimpson) 
Family Tellinidae 
Macoma calearea (Gmelin) 
Tellina lutea Wood 
Family Solenidae 
Stltqua alta (Broderip and Sowerby) 
Family Hiatellidae 
Htatella arettca (Linnaeus) 
Family Teredinidae 
Bankia setacea 
Family Cuspidariidae 
Cardiomya beringensts (Leche) 
Class Gastropoda 
Unidentified species 
Family Trochidae 
Margarites giganteus (Leche) 
Margarites costalts (Gould) 
Solartella obseura 
Solartella micraulax 
Family Turritellidae 
Taechyrynchus erosus (Couthouyi) 
Family Calyptraeidae 
Crepidula grandts Middendorff 
Family Trichotropididae 
Trichotropts tnstgnts 
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TABLE II 


CONT INUED 


Family Naticidae 
Nattea eclausa (Broderip and Sowerby) 
Polintces pallida (Broderip and Sowerby) 
Family Velutinidae 
Velutina sp. 
Velutina velutina (Miller) 
Velutina lanigera 
Family Cymatiidae 
Fusttrtton oregonensts Redfield 
Family Muricidae 
Boreotrophon clathratus 
Boreotrophon pactfteus (Dall) 
Boreotrophon dalli (Kobelt) 
Family Buccinidae | 
Buccinum sp. 
Bucetnum angulosum Gray 
Bucctnum scalariforme (Méller) 
Bueetnum glaetale Linnaeus 
Bucetnum solenum (Dall) 
Bucetnum polare Gray 
Bueeinum plectrum Stimpson 
Family Neptuneidae 
Unidentified species 
Anetstrolepts eucosmia 
Anetstrolepts magna Dall 
Anetstrolepts ochotenstis 
Bertngtus kenntcottt (Dall) 
Beringius beringt (Middendorff) 
Bertngtus stimpsont 
Beringius frtelet (Middendorff) 
Bertngtus crebricostatus undatus 
Beringtus sp. 
Colus sp. 
Colus spttabergensis (Reeve) 
Colus herendeentt 
Colus hallt (Dall) 
Colus hypoltspus 
Colus aphelus (Dall) 
Colus dautzenbergt (Dall) 
Neptunea sp. 
Neptunea lyrata (Gmelin) 
Neptunea ventricosa (Gmelin) 
Neptunea prtbtloffensts (Dall) 
Neptunea conmunts borealts 
Neptunea heros (Gray) 
Plictfusus kroyeri (Médller) 
Pyrulofusus sp. 
Pyrulofusus harpa 
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TABLE II 


CONT INUED 


Pyrulofusus deformts 


Volutopstus sp. 
Yolutopstus fragtlts (Dall) 
Volutopstus mtddendorft 
Volutopstus melonts (Dall) 
Volutopstus trophontus 
Volutopstus castanees (Dall) 
Family Volutidae 
Aretomelon stearnstt 
Family Cancellariidae 
Admete couthouyt (Jay) 
Family Turridae 
Aforta etretnata 
Family Dorididae 
Unidentified species 
Family Dendronotidae 
Unidentified species 
Family Tritoniidae 
Unidentified species 
Trttonta exsulans 
Toechutna tetraquetra (Pallas) 
Class Cephalopoda 
Family Sepiolidae 
Rossta pactftca 
Family Gonatidae 
Unidentified species 
Family Octopodidae 
Oetopus sp. 
Phylum Arthropoda 
Class Pycnogonida 
Family Phoxichilidiidae 
Anaplodactylus erectus 
Family Pycnogonidae 
Unidentified species 
Class Crustacea 
Subclass Thoracica 
Family Lepadidae 
Lepas peetinata pactftcus 
Family Balanidae 
Balanus balanus (Linnaeus) 
Balanus evermant 
Balanus rostratus 
Balanus hespertus 
Sub-class Malacostraca 
Order Cumacea 
Family Diastylidae 
Ditastylis bidentata (Dall) 
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TABLE II 


CONTINUED 


Order Mysidacea 
Family Mysidae 
Neomysis raytt 
Order Isopoda 
Unidentified species 
Family Idoteidae 
Syntdotea bicusptda (Owen) 
Family Sphaeromatidae 
Teettceps alascensts (Richardson) 
Family Aegidae 
Roetnela augustata Richardson 
Family Bopyridae 
Argeta pugettensts Dana 
Order Amphipoda 
Unidentified species 
Family Ampeliscidae 
Ampelisca eschrichtt 
Family. Gammaridae 
Melita dentata 
Jassa pulchella 
Family Lysianassidae 
Anonyx nugax paetftca (Krdéyer) 
Family Hyperiidae 
Parathemtsto ltbellula 
Family Caprellidae 
Unidentified species 
Order Decapoda 
Family Pasiphaeidae 
Pastphaea pactfica 
Family Pandalidae 
Pandalus borealts Krdéyer 
Pandalus gonturus Stimpson 
Pandalus montagut trtdens Rathbun 
Pandalopsts dtspar 
Family Hippolytidae 
Sptrontocaris lamellicornts (Dana) 
Sptrontocaris ochotensts (Brandt) 
Sptrontocarts sp. 
Eualus sp. 
Eualus macilenta (Kr¢yer) 
Eualus gatmardit belchert 
Family Crangonidae 
Crangon dallt Rathbun 
Crangon communts Rathbun 
Seleroerangon boreas 
Argis dentata (Rathbun) 
Argts ovtfer 
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TABLE IL 


CONTINUED 


Family Paguridae 
Pagurus sp. 
Pagurus ochotensts (Benedict) 
Pagurus aleuticus (Benedict) 
Pagurus captllatus (Benedict) 
Pagurus kennerlyt 
Pagurus bertnganus 
Pagurus confragosus (Benedict) 
Pagurus cornutus (Benedict) 
Pagurus trtgonochetrus (Stimpson) 
Pagurus townsendt 
Pagurus rathbunt 
Elassochirus cavimanus (Miers) 
Elassochtrus tenuimanus 
Elassochirus gtllt 
Labidochtrus splendescens Owen 
Family Lithodidae 
Hapalogaster grebnitakit 
Placetron woznessensktt 
Paraltthodes camtschatica (Tilesius) 
Paralithodes platypus Brandt 
LItthodes aequtspina 
Seulptolithodes derjugint 
Family Majiidae 
Oregonta gractlis 
Hyas lyratus Dana 
Hyas coarctatus alutaceus Brandt 
Chtonoecetes (hybrid) 
Chtonoecetes opilio (Fabricius) 
Chtonoecetes batirdi Rathbun 
Family Cancridae 
Caneer oregonensts 
Family Atelecyclidae 
Telmessus chetragonus (Tilesius) 
Ertmacrus tsenbeckit (Brandt) 
Phylum Sipunculida 
Unidentified species 
Phylum Echiurida 
Class Echiuroidea 
Family Echiuridae 
Echturus echiurus 
Phylum Ectoprocta 
Unidentified species 
Phylum Brachiopoda 
Family Cancellothyrididae 
Terebratulina ungutecula 


TABLE II 


CONTINUED 


Family Dallinidae 
Laqueus caltforntcus 
Terebratalta transversa 

Phylum Echinodermata 
Class Asteroidea 

Family Astropectinidae 
Dipsacaster borealts Fisher 

Family Benthopectinidae 
Ludtaster dawsont 

Family Goniasteridae 
Geophyreaster swtftt 
Ceramaster patagonicus Sladen 
Pseudarchaster pareltt 

Family Porcellanasteridae 
Ctenodiscus erispatus 

Family Echinasteridae 
Henrtcta aspera Fisher 
Henrtcta beringtana 
Henrtcta sp. 

Family Pterasteridae 
Diplopteraster multtpes 
Pteraster obseurus (Perrier) 
Pteraster tesselatus 

Family Solasteridae 
Crossaster borealts (Fisher) 
Crossaster papposus (Linnaeus) 
Lophaster furetlliger 
Solaster endeca 
Solaster dawsont 

Family Asteridae 
Astertas amurensts Lutkin 
Evastertas echtnosoma 
Evastertas troscheltt 
Leptastertas polaris acervata (Stimpson) 
Leptasterias sp. 

Lethastertas nantmensts (Verrill) 
Class Echinoidea 

Family Echinarachniidae 
Echtnarachntus parma 

Family Schizasteridae 
Brisaster townsendt 

Family Strongylocentrotidae 
Strongylocentrotus droebachtensts (0. F. Miiller) 

Class Ophiuroidea 
Unidentified species 

Family Asteronychidae 
Asteronyx lovent 

Family Gorgonocephalidae 
Gorgonocephalus caryt (Lyman) 
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TABLE II 


CONTINUED 


Family Ophiactidae 
Ophtopholis aculeata (Linnaeus) 
Family Ophiuridae 
Ophtopenta tetracantha 
Ophtura sarsi Liitkin 
Stegophtura nodosa (Liitkin) 
Class Holothuroidea 
Unidentified species 
Family Synaptidae 
Unidentified species 
Family Molpadiidae 
Molpadia sp. 
Family Stichopodidae 
Parasttchopus sp. 
Family Cucumariidae 
Cuecumarta sp. 
Class Crinoidea 
Unidentified species 
Phylum Chordata 
Unidentified species 
Class Stolidobranchia 
Family Styelidae 
Unidentified species 
Styela rustica macrenteron 
Family Pyuridae 
Boltenta ovtfera (Linnaeus) 
Haloeynthta aurantitum (Pallas) 
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TABLE III 


NUMBER OF SPECIES OF EPIFAUNAL INVERTEBRATES BY PHYLUM AND 
CLASS, S.E. BERING SEA, 1975 - 1976 


Number of Percent of 
Phylum Class Species Species 
Porifera = if 0.4 
Cnidaria Hydrozoa il 0.4 
Scyphozoa 1 0.4 
Anthozoa 5 Dian 
Annelida Polychaeta ih 3,0 
Hirudinea 2 Org 
Mollusca Pelecypoda 3 13353} 
Gastropoda 65 27.9 
Cephalopoda 3 1b 56} 
Arthropoda Pycnogonida 2 0.9 
Crustacea 65 FATES) 
Sipunculida - 1 0.4 
Echiurida Echiurida 0.4 
Ectoprocta - 0.4 
Brachiopoda Articulata 1s 
Echinodermata Asteroidea Wes) 
Echinoidea 3 IES 3) 
Ophiuroidea 7 3/10 
Holothuroidea 5 Dreiilt 
Crinoidea il 0.4 
Chordata Urochordata 5 ail 
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TABLE IV 


NUMBERS, WEIGHT, AND BIOMASS (g/m?) OF MAJOR EPIFAUNAL INVERTEBRATE 
PHYLA OF THE S.E. BERING SEA, 1975. TRAWL SURVEY. 


Mean Grams Per 


Number of Wet Percent of Square Meter 
Phylum Organisms Weight (kg) Total Weight (% g/m?) 
Porifera 159 303.65 iveelt 0.035 
Cnidaria 5580 1118.95 348) On130 
Annelida 1514 4.13 gil <0.001 
Mollusca 21760 1890.76 6.5 0.219 
Arthropoda 124636 16729.99 58.0 12937: 
(Crustacea) 
Echinodermata 54629 3}537/ 67/0) 225.0 0.734 
Chordata 24700 2448.10 8.5 0.283 
(Ascidiacea) 
Total 232978 28833 .28 100.0 3.338 
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TABLE V 


NUMBERS, WEIGHT, AND BIOMASS (g/m?) OF MAJOR EPIFAUNAL INVERTEBRATE 


FAMILIES OF THE S.E. BERING SEA, 1975. 


Family 


Neptuneidae 
Lithodidae 
Majidae 
Asteridae 


Styelidae 


Total 


Number of 


Organisms Weight (kg) 


9671 1612.71 
6142 6209. 24 
87589 9633.86 
46059 5640.33 
22595 2144, 28 
172006 25240. 42 
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Wet 


Percent of 
Total Weight 


TRAWL SURVEY. 


Mean Grams Per 
Square Meter 
(x g/m?) 

0.187 

ORAL 

Seal) 

0.653 


0.248 
Zee 


TABLE VI 
NUMBERS, WEIGHT, AND BIOMASS (g/m) OF 11 SPECIES CONTRIBUTING MORE THAN ONE 


PERCENT EACH TO THE TOTAL EPIFAUNAL INVERTEBRATE BIOMASS, 
S.E. BERING SEA, 1975. TRAWL SURVEY. 


Mean Grams Per 


Number of Wet Percent of Square Meter 

Species Organisms Weight (kg) Total Weight (x g/m?) 
Neptunea ventricosa 2101 350.82 lee. 0.041 
Neptunea heros 4250 692.18 2.4 0.080 
Pagurus trigonochetrus 12302 370.29 i 0.043 
Paralithodes 

eamtschattca 6057 6097.13 21 0.706 
phianseceres (hybrid) 3591 585.87 20) 0.068 
Chtonoecetes optlto 72585 5740.87 19.9 0.665 
Chionoecetes batrdt 9352 3120.29 10.8 0.361 
Astertas amurensis 44421 © 5167.50 179 0.598 
Leptastertas polaris 

acervata 1231 335.46 12 0.039 
Gorgonocephalus caryt 1832 446.77 136 0.052 
Styela rustica 
macrenteron 22595 2144.19 7.4 0.248 

Total 180315 25051. Si 86.8 22.901 
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biomass (Table VI). The 1975 catch was mainly restricted to stations in 
Bristol Bay (Figs. 1 and 3). The average biomass was 0./06 emer however, 
the highest biomass was at Station FG9/10 with 68.3 mae Thirty-five per- 
cent (2,091 individuals) of all P. camtschatica caught in 1975 came from 
Station FG9/10. 

Chtonoecetes optlto, a commercially important brachyuran crab, averaged 
less than 0.1 kg per animal, but its numerical abundance was nearly 12 
times that of king crabs. The biomass of C. optlio was 19.9% of the total 
invertebrate biomass (Table VI). The majority of C. optlto were caught at 
depths between 40 and 80 m. Stations in Bristol Bay were essentially void 
of this species while moderate concentrations were found at stations north 
of Unimak. Pass. Station L21 had the highest biomass with 13.7 ag (6,534 
individuals; Figs. 1 and 4). 

Chtonoecetes batrdt, another commercial crab, made up 10.8% of the 
total epifaunal weight and was found mainly at stations in Bristol Bay and 
north of Unimak Pass (Table VI; Fig. 5). The distribution of this species 
was limited to stations south of 58°30'N. The highest biomass was at Station 
PAsyaunplielol oye af (368 individuals). 

The sea star, Astertas amurensis, made up 17.9% of the total epifaunal 
biomass (Table VI) and was the most ubiquitous species (137 stations), al- 
though it was absent from stations immediately north of Unimak Pass. Many 
high biomass stations were found in Bristol Bay, specifically at stations 
J12, JK11/12, J10, JK10/11, DE11/12, and E12 where the biomass ranged between 
4.3 and 9.8 eine (Figs. 1 and 6). Station DE11/12 had the highest biomass of 
A. amurensts with 9.8 eime (3,688 individuals). 

Frequency of occurrence varied from the presence of a particular species 
in only one tow to the presence of a species in as many as 140 tows (e.g., 

A. amurensts) (Table VIII). Twenty-seven species occurred in greater than 
20% of the tows (Table VIII). High frequency of occurrence did not correlate 
with greatest biomass. The large crab Paraltthodes camtschatica (21.1% of 
the total biomass) occurred in only 37.2% of the tows while the small indi- 
viduals of the polychaetous annelid family Polynoidae (less than 0.01% of 
total biomass) occurred at 57.5% of the tows. 

A summarization of general biological information collected by trawling 


in 1975 is included in Appendix I. 
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TABLE VIII 


FREQUENCY OF OCCURRENCE OF EPIFAUNAL INVERTEBRATES FOUND AT GREATER 
THAN 20 PERCENT OF SUCCESSFUL S.E. BERING SEA TRAWL TOWS, 1975 


Number of Tows Percent of Tows 
at which Organism at which Organism 
Taxonomic Name Occurred Occurred 
Scyphozoa (unid. species) 54 26. 


Eunephthya rubtformis 48 23.3 
Actiniidae (unid. species) 107 505 
Polynoidae 9 Dike 
Serrtpes groenlandicus 43 20. 
Neptunea ventricosa 74 35) 
N. heros Oilt 44, 
Tritoniidae (unid. species) 42 202 
Pandalus borealts 46 22.5 
P. gonturus Ey! 23s 
Crangon dallt Te 34. 
Argts dentata 65 31K 
Pagurus ochotensts 80 38. 
P. captllatus 96 46. 
P. trigonochetrus 95 45. 
Labtdochtrus splendescens 68 32), 
Paralithodes camtschattca 77 Bilis 
Hyas coaretatus alutaceus 99 47. 
Chtonoecetes (hybrid) 102 49. 
C. optlto 126 60. 
Ge batrdr 102 49, 
Ertmacrus tsenbeckit 53 Dy: 
Astertas amurensis 140 67. 
Leptastertas sp. 48 23. 
L. polaris acervata 52 2516 


Gorgonocephalus caryt 89 43. 


NOE Os a aaah OW af ON es GO Os COs WiCOn aIND) GENO ACO gs en) eC pt ia Se em Ol mT eget otto at 


Styela rustica macrenteron 95 45. 


45 


The 1976 sampling pertod 


Most of the 1976 stations were at depths greater than 80 m (Fig. 2; 
Table 1). 

Epifaunal invertebrate biomass averaged 4.87 afr. The epifaunal in- 
vertebrate biomass was dominated by Arthropoda (66.9%) and Echinodermata 
(11.1%) with Porifera (8.8%) and Cnidaria (5.2%) of lesser importance 
(Table IX). Annelida, Sipunculida (the single additional phylum occurring 
in 1976), Echiurida, Ectoprocta, and Brachiopoda contributed less than 
0.02% to the total biomass. 

Seven of the 81 families of invertebrates collected made up 82% of 
the biomass (Table X) with Majidae contribution 48.4% (over three times 
the biomass of the second family, Lithodidae). Ten species contributed 
more than 1% each to the total biomass (Table XI). Chtonoecetes optlto 
(28.8%), C. batrdi (16.7%), Paralithodes camtschatica (10.8%) and Astertas 
amurensits (4.7%) were the dominant individual species by weight. The order 
of importance for species shifted in 1976 as compared to 1975 with P. 
camtschattea moving from first to third. Astertas amurensts (third in 
1975) was fourth in biomass. The 1976 list of species contributing over 1% 
to the biomass differed from the 1975 list by the addition of Octopus sp., 
the blue king crab (Paraltthodes platypus), the Korean horsehair crab 
(Ertmacrus tsenbeckit), and the tunicate (Halocynthia auranttum) (Table XI). 
Species included in the 1975 list, but deleted from the 1976 list, included 
Neptunea (2 species), Pagurus trigonochetrus, Leptasterias polarts, and the 
tunicate, Styela rustica macrenteron. 

Each major phylum again contained several dominant species by weight: 
Neptunea spp. (40.6%) and Octopus sp. (32.8%) for Mollusca; king crabs 
(Paraltthodes camtschatica and P. platypus, 21.8%) and snow crabs 
(Chtonoecetes batrdi and C. opilto, 68.1%) for Arthropoda; Asterias 
amurensts (42.7%), Gorgonocephalus caryt (40.0%) and Parastichopus sp. 
(8.0%) for Echinodermata (Table XII). 

Major concentrations of Paraltthodes camtschatitca were near Unimak 
Island. The highest biomass of this crab was noted at Station BC6/7 
with 6.2 eying (240 individuals) (Figs. 2 and 7). 


Text continued on Page 46 
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TABLE Ix 


NUMBERS, WEIGHT, AND BIOMASS (g/m*) OF MAJOR EPIFAUNAL INVERTEBRATE 
PHYLA OF THE 1976 S.E. BERING SEA TRAWL SURVEY. 


Mean Grams Per 


Number of Wet Percent of Square Meter 
Phylum Organisms Weight (kg) Total Weight (x g/m?) 
Porifera 110 1754.02 8.8 0.43 
Cnidaria 3709 1029.00 5.2 0.25 
Annelida LPAL7 3.41 <yailt <0.01 
Mollusca 5506 911.43 4.6 0.22 
Arthropoda 97360 13298.73 66.9 B27, 
(Crustacea) 
Echinodermata 9756 2195. 38 11.1 0.54 
Chordata 110 659.65 3.3 0.16 
(Ascidiacea) 
Total 117769 19851.62 100.0 4.87 
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TABLE X 


NUMBERS, WEIGHT, AND BIOMASS (g/m?) OF MAJOR EPIFAUNAL INVERTEBRATE 
FAMILIES OF THE 1976 BERING SEA TRAWL SURVEY. 


Mean Grams Per 


Number of Wet Percent of Square Meter 
Family Organisms Weight (kg) Total Weight (x g/m?) 
Actiniidae 3385 T2390 Say) 0.19 
Neptuneidae 2175 412.78 Pasll 0.10 
Lithodidae 2227 Z9B 2 Oi, 14.8 O72 
Majidae 56914 9614.59 48.4 Dif 
Asteridae 1047 1015.86 Del: O25 
Gorgonocephalidae 3960 SIT a iy 4.4 0.22 
Pyuridae not 

enumerated 63165 Weinr4 0.16 

Total 16257.60 8159 4,01 
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TABLE XI 


NUMBERS, WEIGHT, AND BIOMASS (g/m) OF 10 SPECIES CONTRIBUTING MORE THAN ONE 
PERCENT EACH TO THE TOTAL EPIFAUNAL INVERTEBRATE BIOMASS, 
1976 S.E. BERING SEA TRAWL SURVEY. 


Mean Grams Per 


Number of Wet Percent of Square Meter 
Species Organisms Weight (kg) Total Weight (x g/m”) 
Oetopus sp. Syl 298.60 5 0.07 
Paralithodes camtschattea 1739 2152.60 10.8 0.53 
P. platypus 452 744.63 3.8 O18 
Chtonoecetes (hybrid) 1395 520.83 256 0.13 
C. opilio 45592 5724.94 28.8 acl 
C. batrdt : 9275 3322.42 AMS 7/ 0.82 
Erimacrus tsenbeckit 313 412.62 2 0.10 
Astertas amurensts 842 936.67 4.7 0323 
Gorgonocephalus caryt 3960 877.45 4.4 O..22 
Haloeynthta auranttum not 

enumerated 568.77 5) 0.14 

Total 15559)..93 78.3 31583 
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The highest biomass station for Chtonoecetes opilio in 1976 was 
MB28 with 15.5 ihe (9,141 individuals) (Figs. 2 and 8). The distance 
fished at this station was 2.78 km. The highest biomass station of 
Gubatnde. ABebi/gi, «was all'so) 15).5 Alpes however, only 1,630 individuals 
were caught in 4.07 km (Figs. 2 and 9). Both C. optlto and C. batirdt 
were found at most of the 1976 stations. 

Most occurrences of Astertas amurensts were at stations near the 
Pribilof Islands (Figs. 2 and 10). The highest biomass station was at 
MB9 with 6.9 aia ; 

Frequency of occurrence in 1976 (Table XIII) was highest for C. 
batrdt which occurred at 87.5% of the tows. Astertas amurensts, the 
most widespread animal in 1975, occurred at only 37.5% of the 1976 tows. 

A summarization of general biological information collected by 


trawling in 1976 is included in Appendix II. 


Multiple Tows 


Of the 264 stations sampled, 19 were occupied from two to nine times 
within the same year (Tables XIV and XV). At those stations where four or 
five tows were taken, 21.9 to 71.8% (x 43.0%) of the total number of species 
were obtained in the first tow (Table XIV). By the fourth tow of a 5-tow 
series, an average of 96.0% of the species were collected. At those sta- 
tions where two or three tows were taken, the first tow obtained an average 
of 63.24 of the total number of species obtained at the particular station 
(Table XV). The species represented in the first tow of a series included 
those that were most abundant in number and in biomass. Subsequent tows in 
the same vicinity yielded species less important in number and in biomass. 

In 1975, the area about Station D7 was sampled by ten tows, nine of 
which were successful. Five tows were 30 minutes in duration, while the 
other four were 60 minutes. A total of 44 taxa were collected by the 
combined tows (Table XVI). Thirty-nine taxa (88.6%) were collected by the 
five 30-minute tows; 36 taxa (81.8%) were collected by the four 60-minute 
tows. The mean count and weight of organisms collected by the 30-minute 
tows was 493 individuals and 128.43 kg respectively. The mean count and 
weight taken by the 60-minute tows was 883 individuals and 187.04 kg re- 


spectively. The mean estimate of biomass for the 30-minute tows was 3.6/7 
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TABLE XIII 


FREQUENCY OF OCCURRENCE OF EPIFAUNAL INVERTEBRATES FOUND AT GREATER 
THAN 20 PERCENT OF SUCCESSFUL S.E. BERING SEA TRAWL TOWS, 1976 


Number of Tows Percent of Tows 
at which Organism at which organism 
Taxonomic Name Occurred Occurred 
Porifera (Unid. species) a5 SNsha7/ 
Scyphozoa (Unid. species) 22 Dalier2: 
Stylatula gracile 71 68.2 
Polynoidae (Unid. species) 41 39.4 
Notostomobdella sp. 29 27.9 
Fusttriton oregonensts 53 50.9 
Neptunea lyrata Al 39.4 
N. ventricosa 26 25.0 
N. pribiloffensis 44 42.3 
Gonatidae (Unid. species) 25 24.0 
Pandalus borealis 73 70:2 
Crangon communts 25 24.0 
Argis dentata 30 28.8 
A. ovtfer 22 Pall cab 
Pagurus aleuttcus 36 34.6 
P. captllatus 28 26.9 
P. confragosus 46 44,2 
P, trtgonochetrus 38 36:55 
Elassochtrus cavitmanus 33 SHUR 7) 
Paraltthodes camtschatica 27 25.9 
Hyas lyratus 23 DD sel. 
Chtonoecetes (hybrid) 58 Deo 
C. optlio 77 74.0 
C. batrdt 91 87.5 
Erimacrus tsenbeckit 33 31.7 
Ceramaster patagontcus 25 24.0 
Henricta 26 2550 
Astertas amurensis 39 3/55 
Lethastertas nantmensts 28 26.9 
Strongylocentrotus droebachiensts 23 2261. 
Gorgonocephalus caryt 37 35.6 
Ophtopholts aculeata 2 20.1 
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TABLE XV 


THE CUMULATIVE PERCENTAGE OF SPECIES ADDED BY SUBSEQUENT TOWS FOR 
STATIONS SAMPLED BY TWO OR THREE TOWS 


No. of Total No. Cumulative Percentage of 
Successful of Species Species at Subsequent Tows 
Year Station Tows Collected Tow 1 Tow 2 Tow 3 
1975 Ql 2 21 Di /recltZ, 100.0% = 
1917/5 165) 2 26 80.1% 100.0% = 
OS 78} 2 17 88.2% 100.0% = 
1975 Z4 2 20 55.02 100.0% = 
1976 ZS) 3 32. 59.4% 68.8% 100.0% 
1976 KL28/27 3 38 DVia oe 84.2% 100.0% 
1976 127 2 2 55.6% 100.0% = 
1976 FG27/26 3 30 66.7% 76.7% 100.0% 
1976 F20 2 44 56.8% 100.0% = 
1976 EF24/25 2 27 DDO 100.0% = 
s 63.2% 76.7% 
SeDis aPALS 774 eiders 
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leat, while the mean for the 60-minute tows was 2.68 ee No significant 
difference (a=0.05) in mean number of species and mean estimate of biomass 


was noted between tow periods. 


Food Studies 

Feeding relationships of epifaunal invertebrates and fishes in the 
southeastern Bering Sea were determined from direct observation and lit- 
erature sources. Stomach contents were recorded for Ophtura sarsi in 
1975 (Table XVII) and for six species of invertebrates (Paralithodes cam- 
tschattca, Chtonoecetes optlio, Astertas amurensis, Evasterias echinosoma, 
Leptastertas polarts acervata, and Pteraster sp.) and more than 13 species 
of fishes (Gadus macrocephalus, Myoxocephalus spp., Careproctus sp., 
Platiehthys stellatus, Limanda aspera, Hemtleptdotus papilto, Pleuronectes 
quadrttuberculatus, Htppoglossus stenolepts, Glyptocephalus zachtrus, Raja 
stellulata, Hippoglossoitdes elassodon, Retnhardttus htppoglossoides, and 
Leptdopsetta btlineata) in 1976 (Table XVIII). 

Paraltthodes cantschattea fed primarily on the cockle Clinoecardiun 
etliatum, the small snails Solartella spp., the nut shell Wuculana fossa, 
the polychaete Ctstentdes sp. and brittle stars of the family Amphiuridae. 
Polychaetes and brittle stars (ophiuroids) were the dominant food items in 
Chtonoecetes optlto stomachs. Clams (pelecypods) and ophiuroids were the 
only two food items found to be very important to both crabs. Among the sea 
stars, Asterias amurensis concentrated on the humpy shrimp (Pandalus gonturus), 
Bryozoans (Ectoprocta) and cockles (Cardiidae, probably Clinocarditum sp.) while 
the sea star Leptastertas polarts acervata fed exclusively on cockles. 

The fishes showed a variety of food preferences. The Pacific cod (Gadus 
maecrocephalus) fed mainly on pink shrimp (Pandalus borealis) while the irish 
lord (Hemileptdotus paptlto) consumed polychaetes, gammarid and caprellid 
amphipods, pollock (Theragra chaleogramna), and miscellaneous fishes with 
about equal frequency. The Greenland Halibut (Retnhardttus hippoglossotdes) 
consumed mainly fishes. 

Data from Tables XVII and XVIII and various literature sources (Pereyra 
et al., 1976; Barr, 1970a,b; Skalkin, 1963, 1964; Moiseev, 1955; Takeuchi 
and Imai, 1959; Takahashi and Yamaguchi, 1972; Mito, 1974; Krivobok and 
Tarkouskaya, 1964; Shubnikov, 1963; Novikov, 1964; Wakabayashi, 1974; 
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TABLE XVII 


STOMACH CONTENTS OF OPHIURA SARSI FROM 
THE BERING SEA, 1975 


Predator Percent Frequency of Occurrence 


Ophtura sarst (Brittle star) 
Stomachs examined: 10 
Stomachs with food: 9 


Stomach contents: Detritus (9) 100.0% 
Sediment (6) 66.6% 
Unidentified nematode (3) 333% 
Unidentified crustacean (3) 333% 
Unidentified amphipod (1) ibe 14 
Unidentified mollusc (1) ial 
Unidentified gastropod (1) qe, 
Plant fragments (1) ibys 
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TABLE XVIII 


STOMACH CONTENTS OF SELECTED EPIFAUNAL INVERTEBRATES AND 
FISHES FROM THE BERING SEA, 1976 


Predator Percent Frequency of Occurrence 


Paraltithodes camtschatica (King Crab) 
Stomachs examined: 124 


Stomachs with food: 115 92.7% 
Stomach contents: Cltnocardium etltatum (83) 66. 9% 
Solartella sp. (68) 54.8% 
Nueulana fossa (62) 50.0% 
Cistentdes sp. (43) BALTs 
Amphiuridae (43) 34.7% 
Unidentified snails (30) DYESS IDI 
Unidentified soft parts (26) 21.0% 
Sediment (22) DZ 
Unidentified Ophiuroidea (19) 153% 
Ophtopenta dtsacantha (18) IAS oye 
Unidentified Pelecypod (16) M2SSYE 
Lyonsta norwegtca (15) TDR 8% 
Amphtpholts pugetana (15) 12.12% 
Unidentified debris (15) WAAL 
Chtonoecetes sp. (9) 7.3% 
Turritellidae (8) 6.5% 
Cardtta sp. (5) 4.02% 
Macoma sp. (4) Sly 
Eggs (4) 322% 
Unidentified crustaceans (4) B27, 


Unidentified amphipods (3) 
Lisehketa sp. (3) 

Ophiura sp. (3) 

Fish Remains (3) 
Unidentified crabs (2) 
Unidentified polychaetes (2) 
Balanus sp. (1) 

Cyltchna sp. (1) 

Neptunea sp. (1) 

Astarte sp. (1) 

Dentaltum sp. (1) 

Plant material (1) 
Elphidtum sp. (1) 


Sy SOS OS EIS SIStSS) 
AmMDDMDDDMDADAAAFHHHF 
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Predator Percent Frequency of Occurrence 


TABLE XVIII 


CONTINUED 


Chtonoecetes optlto (Snow crab) 


Stomachs examined: 23 

Stomachs with food: 16 69.6% 

Stomach contents: Unidentified polychaetes (12) D2. 2h 
Ophtura sp. (6) 26.12% 
Unidentified debris (6) 266274 
Unidentified Ophiuroidea (4) We 
Unidentified soft parts (3) Abs el OyA 
Unidentified pelecypod (3) T3507 
Unidentified fish (3) 13.0% 
Unidentified amphipods (3) 13.0% 
Unidentified Paguridae (1) 437, 
Unidentified decapod (1) Leh 
Cyclocardia sp. (1) 4.3% 
Unidentified gastropod (1) Ue BYE 

Astertas amurensts (Sea star) 

Stomachs examined: 41 

Only animals with food in oral area examined 

Stomach contents: Pandalus gonturus (7) IZ Gly 
Unidentified Ectoprocta (7) ALVES AW 
Unidentified Cardidae (6) 14.6% 
Unidentified sand dollar (5) 22% 
Unidentified Porifera (4) 9.8% 
Unidentified Balanidae (3) Wosye 
Unidentified fish (3) Wosve 
Unidentified Scyphozoa (2) 4.9% 
Sptsula polynyma (2) 4.9% 
Crangon dalit (2) 4.9% 
Unidentified polychaete (2) 4.9% 
Parasitic copepods (2) 4.9% 
Unidentified soft parts (2) 4.9% 
Unidentified pelecypod (1) PEW, 
Pagurus ochotensts (1) 2.42% 
Oregonta gracilts (1) 2.4% 
Chtonoecetes sp. (1) Dea7 
Unidentified Mysidae (1) 2.4% 

Evastertas echitnosoma (Sea star) 

Stomachs examined: 1 

Only animals with food in oral area were recorded 

Stomach contents: Boltenta ovtfera 100% 
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Predator Percent Frequency of Occurrence 


TABLE XVIII 


CONTINUED 


Leptastertas polaris acervata (Sea star) 
Stomachs examined: 


Only animals with food in oral area were recorded 


stomach contents: 


Pteraster sp. 


(Sea star) 


Stomachs examined: 


Only animals with food in oral area were recorded 


Stomach contents: 


12 


Unidentified 


al 


Unidentified 


Gadus macrocephalus (Pacific cod) 
Stomachs examined: 
Stomachs with food: 
Stomach contents: 


29 
29 


Cardidae (12) 


Sabellidae (1) 


Pandalus borealts (15) 
Theragra chaleogramna (5) 


Unidentified 
Chionoecetes 
Unidentified 
Unidentified 
Unidentified 
Unidentified 
Unidentified 


amphipods (5) 
Sp7e1 3) 
crabs (2) 


Pinnotheridae (1) 


Euphausiids (1) 
gastropods (1) 
Cottidae (1) 


Pagurus trtgonochetrus (1) 


Unidentified 
Unidentified 
Unidentified 
Unidentified 


Myoxocephalus spp. (Sculpin) 
Stomachs examined: 
Stomachs with food: 6 
Stomach contents: 


7 


Chtonoecetes 
Unidentified 
Unidentified 
Unidentified 
Unidentified 


soft parts (1) 
arthropods (1) 
polychaetes (1) 
cephalopods (1) 


spa G2)) 
crab (2) 
amphipod (1) 
fish (1) 
Cottidae (1) 


Mallotus villosus (1) 


Careproctus sp. (Snail fish) 
Stomachs examined: 
Stomachs with food: 1 
Stomach contents: 


il 


Dasycottus sp. 


Ophtura sp. 
Pandalus sp. 
Chtonoecetes 
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100% 


100% 
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TABLE XVIII 


CONT INUED 


Predator Percent Frequency of Occurrence 


Plattchthys stellatus (Starry flounder) 
Stomachs examined: 1 
Stomachs with food: 0 


Iitmanda aspera (Yellowfin sole) 
Stomachs examined: 4 
Stomachs with food: 0 


Hemileptdotus paptlto (Sculpin) 
Stomachs examined: 9 


Stomachs with food: 8 88.9% 
Stomach contents: Theragra chalcogramma (2) 22.2% 
Unidentified fish (2) 22.52% 
Unidentified Caprellidea (2) D2 Dre 
Unidentified Gammaridea (2) QQ EDs 
Unidentified polychaetes (2) 22.24 
Unidentified debris (2) D2 
Crangon sp. (1) TZ 
Unidentified isopods (1) tala 
Unidentified crabs (1) alalealys 
Unidentified squid (1) tL Gals 
Unidentified Ophiuroidea (1) Tak ays 
Unidentified decapoda (1) aL WA 


Pleuronectes quadrituberculatus (Alaska Plaice) 
Stomachs examined: 6 


Stomachs with food: 2 Sh 5 SVA 
Stomach contents: Unidentified polychaetes (1) sy 7/7A 
Unidentified pelecypod (1) LO 77 
Unidentified amphipod (1) 16.7% 
Nemertean (1) 16.74 
Unidentified annelid (1) 16.7% 


Htppoglossus stenolepts (Pacific halibut) 
Stomachs examined: 3 


Stomachs with food: 2 66.6% 
Stomach contents: Unidentified fish (1) 333% 
Theragra chaleogramna (1) 83237 


Glyptocephalus zachirus (Rex sole) 
Stomachs examined: 3 


Stomachs with food: 3 100% 

Stomach contents: Unidentified amphipods (3) 100% 
Unidentified polychaetes (2) 66.6% 
Unidentified nemertean (1) 335% 
Unidentified Hirudinea (1) 38032 
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TABLE XVIII 


CONT INUED 
Predator Percent Frequency of Occurrence 
Raja stellulata (Starry skate) 
Stomachs examined: 1 
Stomachs with food: 1 100% 
Stomach contents: Unidentified amphipods 100% 
Crangonid shrimp 100% 


Hippoglossotdes elassodon (Flathead sole) 
Stomachs examined: 4 
Stomachs with food: 0 


Retnhardtius hippoglossotdes (Greenland halibut) 
Stomachs examined: 128 

Stomachs with food: 59 6 
Stomach contents: Unidentified fish (37) 8 
Theragra chaleogramma (9) 7 
Unidentified Gadidae (8) 6. 
1 
1 
1 


N+ 


Mallotus villosus (1) 
Unidentified Cottidae (1) 
Unidentified decapod (1) 


Leptdopsetta biltneata (Rock sole) 


Stomachs examined: 1 
Stomachs with food: 0 
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Shubnikov and Lisovenki, 1964; Mikawa, 1963; Mineva, 1964; Shuntov, 1965; 
Hameedi et al., 1976) and marine mammal feeding (Moiseev, 1952; North 

Pacific Fur Seal Commission, 1962; 1971; 1975; Berzin, 1971; Tomlin, 1957; 
Kleinberg et al., 1964, Townsend, 1942, Lowry et al., 1977; Fay et al., 1977) 
were used to complete the Bering Sea food web (Fig. 11). The food web is 
organized so that flow of carbon is generally from bottom to top, but always 
in the direction of the arrow. Bold lines indicate the most important food 
sources for a given animal. For example, bold lines connect Clinocardiun 

sp. and Ophiuroidea to Paralttnodes camtschattca since they are the major 
components of the diet of king crabs based on frequency of occurrence. 
Feeding relationships of five important species - king crabs (Fig. 12), snow 
crabs: (Hig. 13)5 pollock (Fig. 14)5 Pacific cod (Fig. 15), and Pacific) halibut 
(Fig. 16) - are shown individually. 

Polychaetous annelids, snails, clams, isopods, amphipods, mysids, krill 
(euphausiids), caridean shrimps, crabs, bryozoans, sand dollars, and brittle 
stars are the main invertebrate components of the Bering Sea food web. Deposit- 
feeding bivalves (clams) (Table XIX) are important food sources for king crabs, 
snow crabs, and sea stars - the three major invertebrate components of the 
Bering Sea biomass. 

Among fishes, the pollock, Theragra chaleogramma, appears to be a major 
component in the Bering Sea food web. Food of the pollock includes zooplankton 
(e.g., euphausiids), shrimps, and small fishes (small pollock were found in 
up to 99.7% of larger pollock stomachs by Mito, 1974). In turn, pollock are an 
important source of food for fur seals (North Pacific Fur Seal Commission, 
1962, 1971, 1975), Pacific cod, halibut, Greenland halibut, and arrowtooth 
flounder (Feder, 1977; Pereyra et al., 1976). 

Most of the flatfishes prey on small benthic invertebrates such as 
polycnaetes, pelecypods, and amphipods. 

Among marine mammals, fishes and crustaceans as well as clams, poly- 
chaetes, and gastropods are important food items (Stoker, in prep; Fay 


Cb Gla, UO Mowny Cb dias L977). 


Pollutants on the Bottom 


As discussed in this report, proposed oil development in the Bering Sea 


has led to intensive biological assessment surveys. The benthic trawl, used 
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to collect bottom invertebrates and fishes in these surveys, also retrieved 
man-made debris in its path. A description of this debris, its distribution, 
and frequency of occurrence are given for the southeastern Bering Sea in 975 
and 1976 (Feder et al., 1978a). 

Man-made debris found in the trawl was classified as metal, rope 
and twine, glass, plastic, fishing gear, cloth, rubber, wood, or paper 
product. Most classifications contained a wide variety of objects; 
for example, metal included wire, cans, and metal fragments; fishing 
gear included derelict crab pots, glass floats, and fish net. No item 
was placed in more than one classification. Debris was not always re- 
corded in 1975, but was recorded for every trawl in 1976. 

In. 1975, debris was only recorded for 12 trawls; in 1976, 43 of 
104 trawls (41.3%) contained debris. Occurrence of the various classes 
of debris was similar in both years except for plastic which was much 
more prevalent in 1975 (Table XX). Of the 55 trawls containing debris, 
49 (90%) were made in the shaded area shown on Figure 17, a region of 
intensive fishing pressure. Debris-containing trawls outside this area 
were widely separated and apparently random. Debris of obvious Asian 
origin was found primarily in the shaded area west of 170°W longitude 


(Figure 17). 


Viiks DESGUSSTON 
Distribution, Abundance, and Biomass 


The 1975 and 1976 trawl surveys covered only slightly overlapping 
areas. The 1975 area, mainly on the inner shelf, had an epifaunal stan- 
ding stock of 3.3 Ayia the 1976 area, mainly on the outer shelf, averaged 
es) eine The OCSEAP trawl survey made in the Northeast Gulf of Alaska 
resulted in an estimate of 2.6 elas (Jewett and Feder, 1976). Epifaunal 
studies in Norton Sound and the Chukchi Sea - Kotzebue Sound areas yielded 
similar biomass estimates of 3.7 and 3.3 Se respectively (Feder and 
Jewett, in press). 

In the Bering Sea, major differences in species dominance were observed 
between the areas sampled in 1975 and 1976. Chtonoecetes spp., typically 


deep-water crabs, increased from 32.7% of the invertebrate biomass in 1975 
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TABLE XX 


FREQUENCY OF OCCURRENCE OF MAN-MADE DEBRIS ON THE BERING SEA FLOOR 


Number of trawls in which debris was found 


Type of 1975 and 1976 
Debris AOS 1976 Combined 
All types 12 43 55 
Metal 2 16 18 
Rope and Twine 3 ib 14 
Glass 2 9 alae 
Plastic 12 7, 19 
Fishing gear 1 5 6 
Cloth 2 5 7 
Rubber al 3 4 
Wood 0 5} 3) 
Paper product 0) 1 al: 
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Figure 17. Study area showing location (shaded area) where 49 debris-contain- 
ing trawls were made. Debris of Asian origin was found in the 
shaded area west of 170°W Longitude. 
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to 48.1% of the biomass in 1976 when the survey area moved into deeper 
water. The decreasing importance of Paraltthodes camtschatica and Astertas 
amurensts from 1975 to 1976 is probably also due to this shift in depth. 
Arthropoda and Echinodermata appear to be the two dominant phyla in the 
southeast Bering Sea regardless of area. Arthropoda were clearly the 
dominant group, being 2.6 times as abundant as Echinodermata in the 1975 
sampling area and 6.1 times as abundant in the 1976 sampling area. This 
dominance is attributable to the abundance of the large commercial crabs, 
Paraltthodes camtschatica, Chtonoecetes opilto, and C. batrdt, each of which 
Supports a major fishery in the Bering Sea. 

In decreasing order of percent of total weight, crustaceans, echino- 
derms, ascidians, and molluscs were the major epifaunal invertebrate groups 
taken in the 1975-76 trawl surveys. In general, the most common species were 
similar to those found by McLaughlin (1963), i.e., Paraltthodes cantschatica, 
Chtonoecetes optlto, C. batrdi, and Astertas amurensts. 

Based on the present study, the distribution of Paralithodes camtscha- 
ttea occurs immediately north of the Alaska Peninsula extending west to 
Unimak Island. This area is also the commercial fishing grounds for this 
crab. The pattern of distribution coincides with McLaughlin (1963). The 
major portion of the population occurs within an area in Bristol Bay which 
is under consideration for petroleum exploration (also see Pereyra et al., 
1976). 

Chtonoecetes optlto, a slightly smaller crab than C. batrdt, was the 
most widely distributed and dominant crab species encountered. Hybrids 
(C. batrdi x C. optlio) were often found. Further information of distribu- 
tion, abundance, and biological features of the principal crab species can 
be found in Pereyra et al. (1976). 

The genus Pagurus was the decapod with the most species collected. 
Pagurus trigonochetrus dominated the hermit crabs; however, P. aleuticus, 
and P. captllatus were also commonly taken. Labtdochtrus splendescens, 

a small, rapidly moving hermit crab, was normally found to use the shells 
of small gastropods such as Natitca spp. or Poltntces spp. These shelters 
were too small to allow the crab to fully withdraw within the shell, but 
Labtdochitrus is uniquely equipped with a heavily calcified exoskeleton for 


protection. Furthermore, Labidochirus splendescens was often found with its 


shell completely replaced by a sponge that had assumed the shape of the 
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original shell (also, see MacGinitie and MacGinitie, 1968). An apparent 
advantage of this replacement is that the sponge is lighter than the original 
snail shell. The lighter shell may be a clue to the ability of L. splendescens 
to move rapidly so as to enable it to avoid predators. Another advantage may 
be that of predator avoidance since sponges are seldom preyed upon. 

Sea stars of the Bering Sea were represented by 23 species; a similar 
number of species occurred in the northeast Gulf of Alaska (24 species) (Feder, 
1977). Only 17 species were found in the Norton Sound and the Chukchi Sea- 
Kotzebue Sound areas (Feder and Jewett, 1977). Sea stars made up 19.6% and 
5.1% of the total southeastern Bering Sea invertebrate biomass in 1975 and 
1976 respectively. On the other hand, 69% and 48% of the total epifaunal 
invertebrate biomass in the Norton Sound and the Chukchi Sea-Kotzebue Sound 
areas were sea stars (Feder and Jewett, 1977). The forcipulate Astertas 
amurensts was the most abundant Bering Sea asteroid (92% of all sea stars 
from both sampling years). The sea star Ceramaster patagontcus occurred more 
frequently and in greater numbers in 1976 than in 1975. The latter species is 
common in the deeper waters of the continental shelf sampled in 1976. 

Leptastertas polaris acervata occurred at 25.1% of the stations occupied 
in 1975, and was the second most commonly encountered sea star. In 1976 it 
was collected at only seven stations, most of which were located in shallow 
water on the shelf. This sea star was also an important member of the shallow 
water benthic community in the Norton Sound-Chukchi Sea area (Feder and Jewett, 
in press). 

Tunicate composition also varied with depth. Ascidians accounted for 
8.5% of the epifaunal biomass in 1975, while they comprised 3.3% in 1976. 

In 1975, where stations were mostly shallower than 80 m, Styela rustica 
maerenteron dominated. McLaughlin (1963) also found this species; however, 
Boltenta ovifera was the most widely distributed tunicate species she en- 
countered. The station grid sampled in the 1975 study was far more extensive 
than that of McLaughlin (1963). 

Among the molluscs, the most striking difference in distribution of 
a species between the 1975 and 1976 sampling periods is that of Neptunea 
heros. In 1975, the majority of the stations occupied were located on the 
shelf, in relatively shallow water. WNeptunea heros occurred at 91 stations, 


and a total of 4250 individuals were collected. During the 1976 sampling 
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period, when most stations were located in deeper water on the shelf slope, 
only nine stations yielded WV. heros. A total of 262 individuals were collected, 
and the species comprised 5.0% of the total phylum weight. In 1975, N. heros 
comprised 36.6% of the phylum weight. Weptunea heros was also important in 
terms of numbers and weight in the Norton Sound and the Chukchi Sea-Kotzebue 
Sound area (Feder and Jewett, 1977). 

Snails of the genus Beringius revealed an opposite trend as compared 
to Weptunea heros. Beringtus spp. occurred in greater numbers and at more 
stations during the 1976 sampling period than during 1975. Fusttrtton 
oregonensts also occurred more frequently in the deeper waters sampled in 
VO76 

Russian benthic investigations (Neyman, 1963) provide biomass esti- 
mates based on grab samples for infauna and small epifauna from the Bering 
Sea. The lowest value, 55 ye for the southeast Bering Sea is greater 
than our 3.3 yee (1975) and 4.9 eta (1976) for trawl collected epifauna 
from similar areas. Higher infaunal biomass values were reported (Neyman, 
1963; summarized by Alton, 1974) for the northern Bering Sea - 905 Efe? 
in the Chirikov Basin and 468 lee in the Gulf of Anadyr. Use of a commer- 
cial trawl results in the loss of infaunal and small epifaunal organisms 
which are an important part of the benthic biomass. Therefore, the total 
benthic biomass value is probably best expressed by combining both grab 
and trawl values (infaunal data will be included in a separate OCSEAP report). 

Alton (1974) points out that low biomass values in the southeast 
Bering Sea may be due to constant cropping by large demersal fish popula- 
tions, and may not accurately reflect production rates in the area. Further- 
more, Alton (1974) shows that, on a world-wide basis, large demersal fish 
harvests, as occur in the southeast Bering Sea, are not directly related to 
a large benthic standing stock. 

A large proportion of the southeastern Bering Sea benthos is composed 
of species of direct use as food for man. King crabs, snow crabs, and snails 
of the genus Weptunea are among the most abundant epifaunal invertebrates 
present in the southeast Bering Sea. In addition, the area may also support 
clam resources of commercial magnitude (Steven Hughes, NWAFC, unpubl.; Feder 
Cb Alen, LOZSb)!: 

The OCSEAP trawl surveys in the northeast Gulf of Alaska (NEGOA) in 1975 
and in the Norton Sound and Chukchi Sea-Kotzebue Sound areas provided extensive 
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information on epifauna that can be compared with data from the southeastern 
Bering Sea (Jewett and Feder, 1976; Ronholt et al., 1976; Feder and Jewett, 
1977). The southeastern Bering Sea exhibited greater diversity (233 species) 
than NEGOA (168 species) and Norton Sound, Chukchi Sea-Kotzebue Sound (187 
species). NEGOA epifaunal invertebrate biomass was dominated by Arthropoda 
(71.4%), Echinodermata (19.0%), and Mollusca (4.6%). The Norton Sound region 
was dominated by Echinodermata (80.3%), Arthropoda (9.6%), and Mollusca (4.42) 
and the Chukchi Sea-Kotzebue Sound region was dominated by Echinodermata (59.9%), 
Mollusca (12.8%), and Arthropoda (12.5%) (Feder and Jewett, 1977). Im general, 
the arthropod biomass decreased toward higher latitudes and the echinoderm 
biomass increased. Molluscan biomass was highest in the Norton Sound, Chukchi 


Sea-Kotzebue Sound area; biomass was similar in the other study areas. 


Multiple Tows 


Since multiple tows were not taken on exact station locations, these 
tows cannot be subjected to statistical analysis. However, the results of 
the intensive sampling of relatively small areas can be used to gain a better 
understanding of the patchiness of the benthic environment. Also, a somewhat 
better understanding of the effectiveness of the otter trawl in multiple sampling 
and trawling duration was achieved. 

The number of species collected by a series of tows was not necessarily 
related to the total count and weight of organisms at a particular station. 

The number of tows in which a species occurred was indicative of the density 
of that species in the sampling area. 

The comparison of the results of the five 30-minute tows and the four 
60-minute tows taken at Station D7 seem to indicate that for practical purposes 
the 30-minute tow is as efficient as the 60-minute tow for sampling the benthic 
environment. However, further studies in this aspect of sampling should be 


undertaken to confirm this conclusion. 


Food Studies 


Of the major biomass components in the Bering Sea (i.e., king crab, 
snow crabs, and the sea star Astertas amurensts), only the feeding habits 


of the king crab have been examined intensively by numerous investigators. 
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Cunningham (1969) studied the food of Bering Sea king crabs (Para- 
lithodes camtschattca) and determined that echinoderms (Ophtura sarst, 
Gorgonocephalus sp., Strongylocentrotus sp., and Echinarachnius sp.) were 
the most important food category based on percent of total food weight 
(49.1%). Molluses (Wueulana radiata, Clinoecardiun caltforniense, Chlamys 
sp., Solartella sp., and Buccinidae) and crustaceans (Hyas coarctatus 
alutaceus, Erimacrus tsenbeckit, Pagurus sp., Pandalus sp., and Amphipoda) 
were next in importance with 37.2% and 10.1% respectively. As determined 
by Takeuchi (1959, 1967), molluscs, crustaceans, and echinoderms were the 
main king crab food items in decreasing order of importance. McLaughlin 
and Hebard (1961) determined percent frequency of occurrence for food items 
of male and female Bering Sea king crabs. Primary food items were molluscs 
(pelecypods) (76.9%, male; 60.6%, female), echinoderms (asteroids, ophiuroids 
and echinoids) (48.5%, male; 35.6%, female), and decapod crustaceans 
(Reptantia) (26%, male; 19.4%, female). Polychaetes, algae, and other 
crustaceans followed in descending order of importance. Feeding was not 
significantly different between the sexes. Feniuk (1945) found molluscs, 
crustaceans, and polychaetes, in that order, to be the important food items 
of king crabs from the west-Kamchatka shelf. Tsalkina (1969) reported that 
hydroids, primarily Lafoetna maxima, are the most preferred food items of 
early postlarval king crab. Results presented in the present report match 
other reports, i.e., molluscs, echinoderms, and crustaceans are important 
food resources for king crabs in the Bering Sea. 

Inferences from the present study, as well as other snow crab food 
studies, suggest that food groups used by snow crabs are somewhat similar 
throughout their range. The deposit-feeding clam, Nucula tenuts, dominated 
the diet of Chtonoecetes optlto from Norton Sound and the Chukchi Sea (Feder 
and Jewett, in press). Chtonoecetes optlto from the Gulf of St. Lawrence fed 
mainly on clams (Yoldia sp.) and polychaetes (Powles, 1968). Chtionoecetes 
optlio elongatus from Japanese waters fed primarily on brittle stars (Ophtura 
sp.), young C. optlto elongatus, and protobranch clams (Yasuda, 1967). Most 
of the items consumed by C. batrdt from two bays of Kodiak Island were poly- 
chaetes, clams (Nuculanidae), shrimps, plants, and sediment (Feder and Jewett, 
1977). Paul et al., (in press) examined stomachs of C. batrdt from lower Cook 


Inlet and found the main items to be clams (Macoma spp.), hermit crabs (Pagurus 
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spp-), barnacles (Balanus spp.), and sediment. Chtonoecetes batrdt in Port 
Valdez (Prince William Sound) contained polychaetes, clams, C. batrdt, other 
crustaceans, and detritial material (Feder, unpub. data). Data on the distri- 
bution and abundance of potential prey species are necessary in order to better 
identify food species for better comparison of food from different areas. 

Asterias amurensts is a feeding generalist. Food items were from seven 
phyla with no single item being used by more than 17.1% of the sea stars ex- 
amined. In contrast, the sea star Leptasterias polarts acervata fed solely 
on cockles (Cardiidae). Cockles are apparently quite common in the southeast 
Bering Sea as suggested by their importance as prey for Paraltthodes camtscha- 
ttea, A. amurensts, and L. polaris acervata. The great abundance and wide 
distribution of the moderately sized (100 g) sea star, Astertas amurensts, 
implies a great availability of food. It was estimated by Hatanaka and Kosaka 
(1958) in Sendai Bay, Japan that food consumed annually by the bottom fish 
population approximated 10,000 metric tons and the food consumed by A. amurensts 
amounted to about 8,000 metric tons. If the food requirements are similar for 
both bottom fishes and this sea star in the Bering Sea, the sea star population 
clearly has an important bearing on the production of useful fish. 

Sea stars, together with such organisms as sponges, sea anemones, jelly- 
fishes, and sea urchins, are usually considered as terminal members in food 
webs in marine ecosystems. Hatanaka and Kosaka (1958) calculated that 20-30% 
of the weight of Asteria amurensits in Tokyo Bay is gonadal material which is 
ultimately extruded during spawning (also see Feder, 1956 and 1970 for comments 
on the reproductive output of the sea star Pisaster ochraceus). Sea stars and 
the other invertebrates noted above generally exhibit distinct annual repro- 
ductive cycles; thus, species that shed their gametes into the surrounding 
water tend to liberate their sex products over short periods of time (Feder, 
1956; Boolootian, 1966 unpubl. observations). Such pulses of high energy 
reproductive material during the spawning of large populations of sea stars 
and other invertebrates probably represent important components of secondary 
production in the study areas (see Isaacs, 1976 for a general discussion of 
this concept). 

Tunicates are sessile, benthic organisms that feed by filtering sus- 
pended particles of organic material and small plankters from the water. It 


is a relatively successful group in some parts of the Bering Sea. Reduced 
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sedimentation may, in part, contribute to their success. Trawling activities 
in the northeast Gulf of Alaska typically revealed few ascidians (Feder and 
Jewett, unpub. data), presumably due to high sedimentation rates there. The 
only known predator on ascidians in the Bering Sea is the walrus (Stoker, 1973). 

Crustaceans and fishes dominated as food items for the Bering Sea 
Pacific cod. These findings are consistent with food of cod from the Kodiak 
shelf (Jewett, in press). 

Bering Sea flatfishes were feeding heavily on clams. Most of these 
clams are probably using a combination of suspension and deposit feeding 
methods (Rasmussen, 1973; Reid and Reid, 1969; Feder, unpub. data) with one 
feeding strategy dominant and the other employed occasionally. Thus, addi- 
tion of pollutants to the sediments may affect pelecypods not typically 
considered as deposit feeders. Pelecypods are intensively fed upon by king 
crabs, snow crabs, and Pacific cod, as well as flatfishes, and are of un- 


questionable importance as a basis for much of the Bering Sea food web. 
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APPENDIX TABLE I 


SUMMARIZATION OF GENERAL COMMENTS, MISCELLANEOUS BIOLOGICAL INFORMATION, 
REPRODUCTIVE AND FEEDING DATA, AND POLLUTANTS COLLECTED ON 
LEGS I-III OF THE NOAA SHIP MILLER FREEMAN S.E. BERING SEA CRUISE - 1975 


Tow Number Station Name Comments 


1 F2 Snail eggs found here. Chtonoecetes 
batrdi - 32 males. Chtonoecetes optlto 
- 69 males and 2 females. Chtonoecetes 
(hybrid) - 13 males. 


2 G2 Sex ratio for Chtonoecetes based on 100% 
of sample. Chtonoecetes batrdt - 17 
males. Chtonoecetes optlto - 369 males 
and 1176 females. 


3 Gl Chtonoecetes optlto - 141 males and 607 
females. Chtonoecetes batrdi - 1 male 
and 4 females. Snail eggs found here. 


4 G18 Snail eggs on Weptunea spp. All Chto- 
noecetes are males. 

5 H18 Chtonoecetes optlto - 266 males and 
2262 females. Chtonoecetes (hybrid) - 
9 males. 

6 H19 Chtonoecetes optlto - 564 males and 96 


females. Chtonoecetes batrdi - 52 males 
and 4 females. Chtonoecetes (hybrid) - 
13 males and 4 females. 


7 169 Chtonoecetes optlto - 156 males and 318 
females. Chtonoecetes bairdt - 4 males 
and 1 female. Chtonoecetes (hybrid) - 
2 males. 


8 120 Chtonoecetes optlito - 259 males and 1508 
females. Chtonoecetes bairdi - 3 males. 
Chtonoecetes (hybrid) - 4 males. 


8) J20 Chtonoecetes optlto - 1067 males and 
1566 females. Chtonoecetes batrdt - 
3 males and 29 females. 


10 g21. 1 plastic bag found. Chtonoecetes optlto 
- 508 males and 707 females. Chtonoecetes 
batrdit - 3 males. Chtonoecetes (hybrid) 

- 8 males. 
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14 


15 


16 


by) 
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2a 


22 


29 


30 
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Station Name Comments 

K21 Chtonoecetes optito - 379 males and 
1082 females. Chionoecetes (hybrid) - 
2 males. 

L21 Chtonoecetes optlto - 2864 males and 
3670 females. Chtonoecetes (hybrid) - 
1 male. 

L22 Chtonoecetes optlto - 1747 males and 
2784 females. Chtonoecetes (hybrid) - 
1 male. 

M22 Chtonoecetes optlto - 1260 males and 


1348 females. 


N22 Chtonoecetes optlto - 1411 males and 
1665 females. 


N23 Chtonoecetes optlto - 215 males and 
281 females. 


023 Chtonoecetes optlto - 520 males and 794 
females. 

P23 Chtonoecetes optlto - 300 males and 323 
females. 

Q22 Chtonoecetes optlto - 118 males and 217 
females. 

Q21 Chtonoecetes optlto - 205 males and 107 


females. Chtonoecetes (hybrid) - 1 male 
and 5 females. 


Q20 Chtonoecetes optlto - 363 males and 215 
females. 

Q19 Chtonoecetes optlto - 102 males and 53 
females, 

P20 Chtonoecetes optlto - 506 males and 578 


females. Chtonoecetes (hybrid) - 1 male 
and 5 females. One piece of plastic 
strapping found. 


PZ Chtonoecetes optlto - 175 males and 156 
females. Chtonoecetes (hybrid) - 1 male 


and 1 female. 
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33 


34 
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60 


61 


65 


66 


APPENDIX TABLE I 


Station Name 


022 


021 


020 


019 


04 


M04 


N18 


N19 


N20 


N21 


M21 


M19 


M18 


L18 


L19 


o9 


CONTINUED 


Comments 


Chtonoecetes optlto - 993 males and 
2369 females. 


Chtonoecetes optlto - 276 males and 
364 females. 


Chtonoecetes optlto - 88 males and 
38 females. 


Chtonoecetes optlto - 57 males and 
25 females. 


Trawl ripped. 


Plastic was found in this trawl. All 
Theragra chaleogramna were juveniles. 


Chtonoecetes optlto - 10 males and 14 
females. 


40% of Argts dentata were ovigerous. 
Chtonoecetes optlto - 9 males and 1 
female. 


Chtonoecetes optlto - 603 males and 
344 females. Chtonoecetes (hybrid) - 
9 males. 


Chtonoecetes optlto - 290 males and 
300 females. Chtonoecetes (hybrid) - 
11 males and 6 females. 


Chtonoecetes optlio - 203 males and 
122 females. 


Chtonoecetes optlto - 22 males and 
10 females. Chtonoecetes (hybrid) - 
2 males. 


Juvenile Theragra chaleogramma - 
18.144 Ke. 


Chionoecetes optlio - 91 males and 
10 females. 


Plastic found here. Chtonoecetes optlto 
- 473 males and 755 females. Chtonoecetes 
(hybrid) - 13 males and 12 females. 
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L20 


K20 


K19 


K18 


Kl 


Jil 


are) 


eS 


118 


Tel! 


H1 


D7 


C6 


100 


CONTINUED 


Comments 


Chtonoecetes 
1025 females. 
19 males. 


Chtonoecetes 
455 females. 


Chionoecetes 
516 females. 
6 males. 


Chtonoecetes 
421 females. 
3 males. 


Chtonoecetes 
62 females. 


Chionoecetes 
195 females. 


Chionoecetes 
127 females. 


Chionoecetes 
417 females. 
55 males and 


Chionoecetes 
220 females. 
20 males and 


Chtonoecetes 
290 females. 
25 males and 


Chtonoecetes 
291 females. 


Chtonoecetes 
71 females. 
82 males and 


(hybrid) - 3 
Chtonoecetes 
females. 


males and 5 females. 
- 32 males and 676 females. 


eamtschattea 


optlto - 607 males and 
Chtonoecetes (hybrid) - 


optlto - 280 males and 


optlto - 275 males and 
Chtonoecetes (hybrid) - 


optlto - 291 males and 
Chtonoecetes (hybrid) - 


optlio - 105 males and 


optlto - 171 males and 


optlto - 94 males and 


optlto - 367 males and 
Chtonoecetes (hybrid) - 
18 females. 


optlto - 372 males and 
Chtonoecetes (hybrid) - 
8 females. 


opilto - 680 males and 
Chtonoecetes (hybrid) - 
10 females. 


optlto 168 males and 
optlto - 34 males and 
Chtonoecetes batrdt - 
18 females. Chtonoecetes 


males and 1 female. 


optlto - 11 males and 2 


Chtonoecetes batrdi - 37 


Paralithodes 
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B5 


A4 


B3 


AB2/3 


ZA1/2 


A2 


Fl 


H2 


13 


CONTINUED 


101 


Comments 


Plastic found here. Chtonoecetes batirdi 
— 23 males and 1 female. Paraltthodes 
ecamtschattca - 11 males and 12 females. 


Paralithodes camtschatitca - 40 males 
and 3 females. 


Chionoecetes batrdi - 19 males and 
19 females. Chtonoecetes opilto - 
8 males. Chtonoecetes (hybrid) - 
1 male and 3 females. 


Chtonoecetes batrdt - 33 males and 
88 females. Chtonoecetes opilto - 1 
male and 2 females. Chtonoecetes 
(hybrid) - 5 males and 17 females. 


Chtonoecetes bairdi - 1 male and 1 
female. Chtonoecetes (hybrid) - 1 
male and 3 females. 


Sex ratio for Chtonoecetes based on 
100% of sample. Chtonoecetes batrdi - 
10 males and 4 females. Chtonoecetes 
(hybrid) - 2 males and 21 females. 
Theragra chaleogramna weight - 3878.3 
Kg. 


Pagurus aleuticus - 5 gravid (eggs black). 
Pandalus borealts - 2 gravid (eggs pur- 
ple). Yellow snail eggs on Neptunea 
shells. Chtonoecetes batrdt, Chtonoecetes 
optlto, and Chtonoecetes (hybrid) were 

all males. 


Chtonoecetes batrdt - 4 males and 1 
female. Chionoecetes optlio - 140 males 
and 131 females. Chtonoecetes (hybrid) 
- 6 males and 3 females. 


Contents not enumerated. 


Chitonoecetes optlio - 115 males and 34 
females. Chtonoecetes (hybrid) - 1 

male. Snail eggs - 120 g. Styela mac- 
renteron, Eunephthya rubtformis and snail 
eggs were found on snail shells. 
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13 Chionoecetes optlto - 604 males and 174 


females. Chtonoecetes (hybrid) - 56 
males and 29 females. Snail eggs - 430 


Die 


14 Chtonoecetes optito - 758 males and 
189 females. Chtonoecetes (hybrid) - 
37 males and 36 females. Snail eggs - 
Di DS Kio 


H4 Chtonoecetes (hybrid) - 9 males. Chto- 
noecetes batrdt - 2 females. Chtonoecetes 
optlto - 100 females and 195 males. 

Yellow snail eggs - 34 g. 


G5 Chtonoecetes batrdt - 4 males. Chtio- 
noecetes (hybrid) - 36 males and 12 
females. Chtonoecetes optlto - 679 males 
and 431 females. Snail eggs - 27.058 Kg. 
Comments are based on 100% of sample. 


HS Snail eggs - 2.118 Ke. Chtonoecetes 
optlto - 234 males and 416 females. 
Chtonoecetes (hybrid) - 9 males. 


15) Snail eggs - 1.315 Kg. Chtonoecetes 
optlio - 376 males and 10 females. Chto- 
noecetes (hybrid) - 17 males. 


16 Catch not enumerated. 


H6 Chionoecetes batrdi - 2 males and 1 
female. Chtonoecetes optlto - 131 males 
and 8 females. Chtonoecetes (hybrid) - 
1 male. Snail eggs - 3.835 Kg. 


G6 Catch not enumerated. 


FG6/7 Snail eggs - 2.104 Kg. Chtonoecetes 
optlito - 355 males and 373 females. 
Chtonoecetes (hybrid) - 26 males and 8 
females. Chtonoecetes batrdi - 30 males 
and 28 females. Paraltthodes camtschatica 
- 1 male. Juvenile Theragra chalcogramna 
=) Dielifala Kor 
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Tow Number Station Name Comments 
101 D7 # comparative trawl 1. Chtonoecetes 


batrdi - 89 males and 38 females. Chto- 
noecetes optlto - 127 males and 154 
females. Chtonoecetes (hybrid) - 12 
males and 12 females. Paraltthodes cam- 
tschatitca - 1 male. Snail eggs - 98 g. 


102 D7 # comparative trawl 2. Comments are 
based on 100% of sample. Snail eggs - 
497 g. Paralithodes camtschattea - 2 
males and 1 female. Chtonoecetes batrdt 
- 83 males and 27 females. Chtonoecetes 
optlio - 98 males and 293 females. Chto- 
noecetes (hybrid) - 9 males and 3 females. 


103 D7 # comparative trawl 3(5). Chtonoecetes 
optlto - 18 males and 65 females. Chto- 
noecetes batrdt - 22 males and 23 females. 
Chionoecetes (hybrid) - 4 males. Yellow 
snail eggs - 165 g. 


104 D7 # comparative trawl 4(6). 2 Pagurus 
aleutteus - gravid (black eggs). White 
snail eggs - 50 g. Yellow snail eggs 
- 43 g. Chtonoecetes optlto - 46 males 
and 83 females. Chtonoecetes batrdi - 
23 males and 9 females. Chtonoecetes 
(hybrid) - 9 males. 


105 D7 # comparative trawl 5(8). Snail eggs - 
283 g. (Based on 100% of sample.) 
Chionoecetes batrdt - 93 males and 56 
females. Chtonoecetes opilto - 88 males 
and 126 females. Chtonoecetes (hybrid) 
- 10 males and 5 females. Paralithodes 
camtschatica - 54 males and 1 female. 


106 D7 # comparative trawl 6(9). Snail eggs - 
82 g. Chionoecetes batrdt - 53 males 
and 110 females. Chtionoecetes optlto 
- 43 males and 25 females. Chtonoecetes 
(hybrid) - 3 males and 5 females. 
Paraltthodes camtschatica - 62 males and 
5 females. 
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D7 


D7 


D7 


A3 


A3 


A3 


A3 


104 


CONTINUED 


Comments 


# comparative trawl 7(10). Snail eggs 
- 33 g. Chtonoecetes batrdi - 99 
males and 34 females. Chtonoecetes 
optlto - 152 males and 169 females. 
Chtonoecetes (hybrid) - 6 males and 

7 females. Paraltithodes camtschatica 
- 13 males and 2 females. 


# comparative trawl 8(12). Snail eggs 

- 12 g. 2 Pagurus captllatus with 
parasitic barnacle. Chtonoecetes 

batrdt - 61 males and 22 females. Chtio- 
noecetes optlio - 73 males and 91 fe- 
males. Chtonoecetes (hybrid) - 4 males 
and 12 females. Paralithodes camtschatica: 
- 8 males and 1 female. 


Catch not enumerated. 


Chitonoecetes batrdt - 30 males and 1 
female. Chionoecetes optlio - 7 males 
and 1 female. Chtonoecetes (hybrid) - 
4 males and 1 female. 


Snail eggs - 102 g. Chtonoecetes batrdt 
- 85 males and 78 females. Chtonoecetes 
optlto - 1 male and 12 females. Chtio- 
noecetes (hybrid) - 14 males and 70 
females. 


Trawl contents emptied on deck in the 
process of removing a sea lion, not 
sampled. 


Sex ratio based on 100% of sample. 
Chtonoecetes batrdt - 56 males and 70 
females. Chtonoecetes optlto - 1 male 
and 2 females. Chtonoecetes (hybrid) 
- 5 males and 47 females. 


Chtonoecetes batrdi - 15 males and 62 
females. Chtonoecetes optlito - 1 male. 
Chtonoecetes (hybrid) - 7 males and 6 
females. 
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AB2/3 


AB2/3 


AB2/3 


AB2/3 


AB2/3 


F3 


G3 


105 


Comments 


# comparative trawl 1. Pollutants - 
1 piece plastic and 1 bottle. Chto- 
noecetes batrdit - 142 males and 158 
females. Chtonoecetes optlto - 10 
males and 3 females. Chtonoecetes 
(hybrid) - 5 males and 34 females. 
Paralithodes camtschattca - 2 males. 
1 crab pot caught in trawl. 


# comparative trawl 2. Snail eggs - 

8 g. Wood with ship worms present - 
247 g. Chtonoecetes batrdi - 32 males 
and 65 females. Chtonoecetes optlto 

- 4 males and 3 females. Chionoecetes 
(hybrid) - 4 males and 35 females. 


# comparative trawl 3. Chtonoecetes 
batrdt - 51 males and 84 females. 
Chitonoecetes optlto - 3 males. Chto- 
noecetes (hybrid) - 2 males and 27 
females. Paralithodes camtschattea - 
1 male. 


# comparative trawl 4. Chtonoecetes 
batrdi - 35 males and 32 females. Chto- 
noecetes opitlto - 2 males. Chtonoecetes 
(hybrid) - 4 males and 12 females. 
Paraltthodes cantschatica - 2 males. 


# comparative trawl 5. Sex ratio 

based on 100% of sample. Chtonoecetes 
batrdi - 55 males and 63 females. Chto- 
noecetes optlto - 6 males and 4 females. 
Chtonoecetes (hybrid) - 8 males and 30 
females. Paraltthodes camtschattca - 

2 males. 


Chtonoecetes baitrdt - 3 males and 2 
females. Chtonoecetes optlto - 39 
males and 7 females. Chtonoecetes 
(hybrid) - 12 males and 1 female. 


Snail eggs - 233 g. 3 Leptasterias 
polaris ascervata feeding on Clino- 
cardium sp. Chtonoecetes bairdi - 
4 males. Chtonoecetes optlto - 100 
males and 206 females. Chtonoecetes 
(hybrid) - 14 males and 27 females. 
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22. Z3 # comparative trawl 1. Snail eggs - 
157 g. 

123 Zs # comparative trawl 2. Argts ovtfer 
- 2 gravid females - eggs turquoise- 
green. 

124 AZ2/3 Comments based on 100% of sample. 


Chtonoecetes batrdt - 8 males and 5 
females. Chtonoecetes (hybrid) - 
1 male and 6 females. 


125 AZ3/4 Chtonoecetes batrdi - 15 males and 34 
females. Chtonoecetes opilto - 4 males 
and 3 females. Chtonoecetes (hybrid) - 
2 males and 43 females. 


126 AZ4/5 # comparative trawl 1. Chtonoecetes 
batrdi - 337 males and 251 females. 
Chtonoecetes (hybrid) - 8 males and 
48 females. 


eZ) AZ4/5 # comparative trawl 2. Snail eggs - 
55 g. Chtonoecetes batrdi - 35 males 
and 16 females. Comments based on 100% 
of sample. 


128 AZ4/5 # comparative trawl 3. Pollutants - 1 
plastic bag, 2™-.-6"-rubber “‘bellt.2 1 
aluminium beer can, miscellaneous 
plastics. Snail egg - 70 g. Chtonoe- 
cetes batrdi - 64 males and 58 females. 
Chtonoecetes (hybrid) - 2 males and 4 
females. Paralithodes camtschattca - 
1 male. 


i728) AZ4/5 # comparative trawl 4. Pollutants - 
plastic and polypropylene. Chtonoecetes 
batrdt - 407 males and 118 females. 
Chionoecetes optlto - 1 male. Chio- 
noecetes (hybrid) - 5 males and 1 female. 
Paraltthodes camtschattca - 25 males. 


130 AZ4/5 # comparative trawl 5. Snail eggs - 
32 g. Chtonoecetes batrdi - 304 males 
and 144 females. Chtonoecetes (hybrid) 
- 1 male. Paraltthodes camtschattca 
- 15 males. 
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131 Za) # comparative trawl 3. Pollutants - 


plastic and cloth. Chtonoecetes batrdt 
- 266 males and 337 females. Chto- 
noecetes optlio - 1 male. Chtonoecetes 
(hybrid) - 1 female. Paralithodes 
camtschatica - 41 males and 10 females. 


132 Z5 # comparative trawl 2. Catch not 
enumerated, Trawl ripped. 


133 Z5 # comparative trawl 1. Chtonoecetes 
batrdt - 114 males and 7 females. 
Chtonoecetes optlto - 1 male. Para- 
itthodes camtschattca - 5 males and 
18 females. 


134 Z5 # comparative trawl 4. Sex ratio based 
on 100% of sample. Chtonoecetes batrdt 
- 237 males and 114 females. Chto- 
noecetes opilto - 11 males. Chtonoecetes 
(hybrid) - 3 males and 4 females. 
Paralithodes camtschattca - 4 males. 


135 D6 Chtonoecetes batrdt - 39 males and 169 
females. Chtonoecetes opilto - 71 
males and 408 females. Chtonoecetes 
(hybrid) - 33 females. Paralithodes 
camtschatica - 6 males and 5 females. 
1 Pagurus capillatus with parasitic 
barnacle on abdomen. 


136 DE6/7 Comments based on 100% of sample. 
Chtonoecetes batrdi - 124 males and 36 
females. Chtonoecetes optlio - 410 
males and 66 females. Chtonoecetes 
(hybrid) - 59 males. Paraltthodes 
eamtschattea - 36 males. Snail eggs 
O57 g, 


137 E6 Snail eggs - 209 g. Chtonoecetes 
batrdt - 60 males and 13 females. 
Chtonoecetes optltio - 381 males and 
541 females. Chtonoecetes (hybrid) 
- 6 males and 6 females. Paraltthodes 
eamtsehattea - 21 males. Juvenile 
Theragra chaleogramma - 23.042 Kg. 
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138 EF5/6 Snail eggs - 3.567 Kg. Wattea clausa 


attached under the operculum of Nep- 
tunea lyrata. Chtonoecetes batrdt - 

7 males and 18 females. Chtonoecetes 
(hybrid) - 23 males and 40 females. 
Chtonoecetes optito - 488 males and 
1014 females. Juvenile Theragra chal- 
cogramma 10.886 Kg. 


139 F6 Catch not enumerated. 


140 G7 Chionoecetes batrdi - 68 males and 94 
females. Chtonoecetes optlto - 894 
males and 743 females. Chtonoecetes 
(hybrid) - 8 females. Snail eggs - 
Tea aera 


141 G8 Snail eggs - 726 g. Chtonoecetes 
batrdt - 57 males and 81 females. 
Chtonoecetes optlto - 570 males and 
29 females. Chionoecetes (hybrid) - 
24 males. 


142 GH8/9 Pollutants - tin cans. Snail eggs - 
7.625 Kg. Chtonoecetes batrdt - 21 
males and 21 females. Chtonoecetes 
optlto - 97 males and 4 females. 
Chtonoecetes (hybrid) - 8 males. 


143 G9 Comments based on 100% of sample. 
Snail eggs - 7.262 Kg. Chtonoecetes 
batrdt - 105 males and 149 females. 
Chtonoecetes optlto - 136 males. 
Chtonoecetes (hybrid) - 12 males and 
2 females. Paralithodes camtschatica 
- 5 males. 


144 FG9/10 Comments based on 100% of sample. 
Snail eggs - 87 g. Chtonoecetes 
batrdt - 270 males and 213 females. 
Chtonoecetes opilto - 152 males. 
Paralithodes camtschattca - 2091 males. 


145 F10 Comments based on 100% of sample. 
Chionoecetes batrdi - 75 males and 54 
females. Chtonoecetes optlto - 17 
males and 6 females. Paraltthodes cam- 
tschatica - 13 males and 4 females. Juve-- 
108 nile Theragra chaleogramma - 53.842 Kg. 
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146 EF11/10 Comments based on 100% of sample. 


Chtonoecetes bairdit - 98 males and 

177 females. Chtonoecetes optlto - 

12 males and 5 females. Paraltthodes 
eamtschattea - 329 males and 449 fe- 
males. Juvenile Theragra chalcogramma - 
46,8069 Ke. 


147 AZ5/6 Chtonoecetes bairdt - 35 males and 
70 females. Chtionoecetes optlio - 
2 males. Paralithodes camtschattca 
- 3 males and 1 female. 


148 A5 Snail eggs - 96 g. Chtonoecetes batrdt 
- 151 males and 7 females. Chtonoecetes 
optlto - 1 male. Paralithodes camtscha- 
titea - 27 males and 80 females. 


149 BA4/5 Comments based on 100% of sample. Snail 
eges - 33 g. Chtonoecetes bairdt - 61 
males and 69 females. Chionoecetes optlto 
- 3 males. Chtonoecetes (hybrid) - 2 
males. Paralithodes camtschattca - 14 
males and 13 females. 


150 B4 Snail eggs - 15 g. Pollutants - plastic, 
rope and gloves. Chtonoecetes batrdt - 
32 males and 5 females. Chtonoecetes 
optlto - 3 males. Chtonoecetes (hybrid) 
- 1 male and 1 female. Paraltthodes 
eamtschatteca - 6 males. 


151 AB3/4 Chtonoecetes bairdit - 146 males and 
194 females. Chtonoecetes optlio - 3 
males and 4 females. Chtonoecetes 
(hybrid) - 8 males and 54 females. 
Paralithodes camtschatitca - 1 male. 


D2 Z4 # comparative trawl 1. Comments based 
on 100% of sample. Several thousand 
Ophiuridae, Ctenodiscus crtspatus and 
Ceramaster patagontcus in trawl wings- 
irretrievable. Chtonoecetes batrdt - 
20 males and 15 females. Chtonoecetes 
optlto - 5 females. Chtonoecetes (hybrid) 
- 15 females. 
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Comments 


# comparative trawl 2. Chtonoecetes 
batrdt - 18 males and 14 females. 
Chtonoecetes (hybrid) - 1 female. 
Chtonoecetes optlto - 4 females. Pol- 
lutants - glass, rope and plastic. 


Pandalus gonturus, 1 gravid female with 
aqua colored eggs. Chtonoecetes batrdt 
1 male. Chtonoecetes optlto - 731 
males and 186 females. Chionoecetes 
(hybrid) - 30 males and 15 females. 
Snail eggs - 1.81 Kg. Balanus sp., 
Styela macrenteron, bryozoan and snail 
eggs attached to Weptunea shell. 


Pandatus borealis, 1 gravid with aqua 
colored eggs. Chtonoecetes batrdt - 
1 male. Chtonoecetes optlio - 646 
males and 1469 females. Chtonoecetes 
(hybrid) - 38 males and 64 females. 
Snail eggs - 454 g. Empty shells - 
26.300 Kg. 


Calculated for 100% of sample. Chto- 
noecetes optito - 1282 males and 1918 
females. Chtonoecetes (hybrid) - 50 
males and 143 females. Empty shells - 
82.6 Kg. Snail eggs - 7.6 Kg. 


Chtonoecetes batrdt - 6 males and 14 
females. Chtonoecetes optlto - 549 

males and 633 females. Chtonoecetes 
(hybrid) - 25 males and 47 females. 

Empty shells —- 22.8 Kg. 


Calculated to 100% of sample. Chto- 
noecetes optlto - 108 males and 80 
females. Chtonoecetes batrdi - 16 

males and 20 females. Chionoecetes 
(hybrid) - 8 males and 12 females. 

Hyas coarctatus alutaceus - 40 males 

and 124 females. Empty shells - 34.7 Kg. 
Balanus sp., Styela macrenteron, Musculus 
sp., bryozoan, and Htatella arettca 
attached to Weptunea shells. 
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159 H7 Empty shell 103.7 Kg. Chtonoecetes 


optlto - 162 males and 1 female. Chio- 
noecetes batrdi - 3 males and 4 females. 
Chtonoecetes (hybrid) - 28 males. 


160 H8 Chtonoecetes optlto - not sexed. Chto- 
noecetes batrdt - 9 males and 9 females. 
Chtonoecetes (hybrid) - 1 female. Empty 
shell - 26.7 Kg. 


161 H9 Calculated to 100% of sample. Chto- 
noecetes bairdt - 799 males and 43 
females. Chtonoecetes opilio - 6 males. 
Chtonoecetes (hybrid) - 2 males. 


162 1H9/10 Calculated to 100% of sample. Chtono- 
ecetes batrdit - 27 males. Chtonoecetes 
(hybrid) - 7 males. Snail eggs, orange 
eyed eggs, and Balanus sp. attached to 
Neptunea shells. 


163 112 Hyas coarctatus alutaceus with Myttlus 
edulis attached to carapace. Empty 
shell - 1.1 Kg. Hyas coaretatus aluta- 
ceus - 6 males. Chtionoecetes bairdt - 4 
males. Paraltthodes camtschattca - 29 
males and 15 females. 


164 TIT /1'3 Paraltthodes camtschattea - 10 males and 
9 females. Hyas coarctatus alutaceus - 
17 males and 5 females. Chtonoecetes 
batrdt - 1 male. Type 16 sea anemone, 
Balanus sp., snail eggs and Boltenta ovt- 
fera attached to Neptunea shell. 


165 03 Hyas coaretatus alutaceus - 1 male. 
Paralithodes camtschatica - 4 males and 
7 females. Juvenile Theragra chaleogramna 
weight -— 3.628 Kg. 


166 JK13/14 Paraltthodes camtschattca - 6 females 
Pandalus gonturus - 80 gravid, eggs aqua 
colored, 

168 K13 Trawl ripped, specimens were not enu- 
merated. 
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Comments 


Empty shells - 5.79 Kg. Snail eggs - 
454 ¢. Paralithodes camtschatica - 1 
male and 4 females. Telmessus chetra- 
gonus - 2 males. 


Styela macrenteron, Boltenta ovtfera 
and Mytilus edults attached to Weptunea 
shells. Juvenile Theragra chalcogramna 
weight - 2.812 Kg. Paraltthodes camt- 
schattca - 1 male and 4 females. 


Type 16 sea anemone, Styela macrenteron, 
Balanus sp., Boltenita ovifera, and bryo- 
zoan attached to Neptunea shell. Sptsula 
and Serrtpes shell fragments also present. 
Paralithodes camtschatica - 2.males. 


Balanus rostratus, type 7 and 16 sea 
anemone, Boltenta ovtfera, Styela mac- 
renteron and sponge attached to Neptunea 
shell. Sponge was also attached to the 
stipe of Boltenita. Hyas lyratus - 16 males 
and 4 females. Hyas coarctatus alutaceus 

- 16 males and 4 females. Pandalus gonturus : 
- 330 gravid, eggs aqua colored. Argts 
dentata - 4 gravid, eggs aqua colored. 
Chionoecetes batrdi - 4 males. Paraltthodes 
camtschatica - 1 male and 1 female. Juven- 
ile Theragra chaleogramma weight - 42.048 
Kg. 


Paraltthodes camtschattca - 8 males and 
and 7 females, 6 gravid with eggs black 
colored. Pandalus goniurus - 20 gravid, 
eggs aqua colored. Snail eggs present. 


Balanus sp. and type 19 sea anemone 
attached to Mytilus edults. Telmessus 
chetragonus - 7 males and 1 female. 
Paralithodes camtschattca - 1 female. 


Chionoecetes batrdt - 7 males and 2 fe- 
males. Telmessus chetragonus - 39 males 
and 3 females, 1 gravid with dark brown 
eggs. Paraltthodes camtschatica - 8 males 
and 7 females. 1 Pagurus capillatus para- 
sitized by a parasitic barnacle. 
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176 JK10/11 Snail eggs - .907 g. Balanus sp. 


attached to Weptunea shells. Para- 
lithodes camtschattca - 13 females and 
11 males, 12 gravid with brown eggs. 
Telmessus chetragonus - 3 males. Chto- 
noecetes baitrdt - 1 female, gravid with 
orange eggs. 


WT K11 Trawl ripped extensively, specimens 
were not enumerated. 


178 Kill Trawl ripped extensively, a few inter- 
esting specimens collected, otherwise 
none were enumerated. 


179 K10 Telmessus chetragonus - 10 males and 
4 females. Paraltthodes camtschattca - 
4 males and 4 females. Ayas lyratus - 
4 males. Balanus sp. attached to Nep- 
tunea shells. 


180 K9 Balanus sp. attached to Neptunea shells. 
Paralithodes camtschatica - 7 males. 
Telmessus chetragonus - 3 males. Ayas 
coarctatus alutaceus - 2 males and 1 female. 


184 L6 Telmessus chetragonus - 2 males. Snail 
eggs - 1.31 Kg. 


185 1S) Paraltthodes cantschattca - 1 male. 
187 Qll Balanus sp. attached to Neptunea shells. 
188 2 Eritmacrus tsenbecktt - 4 males and 1 


female. Hyas lyratus - 4 males. Juvenile 
Theragra chaleogramma weight - 33.240 Kg. 


189 K2 Calculated to 100% of sample. Chtonoecetes 
(hybrid) - 12 males. Chtonoecetes optlto 
- 182 males. Ayas lyratus - 124 males and 
41 females. Styela macrenteron, Balanus 
sp. and Musculus dtscors attached to Nep- 
tunea shells. 


190 J2 Empty shells —- 73.7 Kg. 
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Comments 


Paralithodes camtschatica - 1 female. 
Chtonoecetes optlio - 120 males and 26 
females. Balanus sp., Musculus dtscors, 
Styela macrenteron, snail eggs bryozoan 
and compd. tunicate attached to Neptunea 
shells. Empty shells - 8.7 Kg. Juvenile 
Theragra chaleogranna weight - 952 g. 


Bryozoan, Tectitceps alascensis, Musculus 
discors, compd. tunicate, Balanus sp., 
Creptdula grandis, and Velutina lantgera 
attached to WNeptunea shells. Empty shell 
- 25.8 Kg. Juvenile Theragra chaleogramma 
weight - 31.752 Kg. Hyas coarctatus alu- 
taceus - 65 males and 7 females. 


Empty shell - 79.6 Kg. Chtonoecetes optlto 
- 476 males and 34 females. Chtonoecetes 
(hybrid) - 18 males and 10 females. 


Juvenile Theragra chaleogramma weight - 
14.379 Ke. 


Chtonoecetes optlto - 157 males. Chtonoece- 
tes batrdi - 1 male. Chtonoecetes (hybrid) 
- 27 males and 2 females. Erimacrus ise- 
nbeckiit - 4 males and 1 female. Juvenile 
Theragra chaleogramna weight - 7.076 Kg. 


Argts dentata - 10 gravid, eggs aqua colored. 


Balanus sp., hydrozoan, snail eggs, Creptdula 
grandis, Styela macrenteron, Musculus discors 
attached to Weptunea shell. Leptasterias 

sp. in aperture of Weptunea. Juvenile 
Theragra chaleogramma weight - 14.515 Kg. 
Hyas coarctatus alutaceus - 18 males and 2 
females. Chtonoecetes batrdi - 1 male. 


Balanus sp., snail eggs, type 10 and 16 

sea anemone, Styela macrenteron, Musculus 
dtscors, Velutina lanigera and Syntdotea 
bteusptda attached to Neptunea shell. 

Scale worms found in aperture of Weptunea. 
Hyas coarectatus alutaceus - 22 males and 

2 females. Empty shell - 7.4 Kg. Parasitic 
barnacle on abdomen of Pagurus captllatus. 
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199 K7 Empty shells - 16.7 Kg. Balanus sp., 


type 16 sea anemone, and snail attached 

to Neptunea shell. Argts dentata 1 gravid, 
eggs aqua colored. Paralithodes camtscha- 
tica - 1 female. 4Hyas coarctatus alutaceus 
- 15 females. 


200 K8 Empty shells - 5.4 Kg. Snail eggs - .22 g. 
Balanus sp., snail eggs and type 16 sea 
anemone attached to Weptunea shells. AHyas 
coarctatus alutaceus - 3 males. Paralithodes 
ecamtschattea - 1 gravid, eggs colored purple. 


201 J6 Argts dentata - 3 gravid, eggs aqua colored. 
Hyas coaretatus alutaceus - 25 males and 2 
females. Paraltthodes camtschattca - 1 male. 
Balanus sp., snail eggs, Styela macrenteron, 
and Musculus discors attached to Neptunea 
shell. 


202 oH Hyas coarctatus alutaceus - 20 males and 
1 female. Balanus sp., snail eggs, and 
bryozoan attached to Weptunea shells. 


203 J8 Balanus sp., snail eggs, and Styela macren- 
teron attached to Neptunea shells. Empty 
shells - 6.2 Kg. 


204 J9 Hyas coaretatus alutaceus - 3 males. 
Chtonoecetes batrdt - 1 male and 1 female. 
Paraltthodes camtschatica - 9 males and 7 
females. Empty shells — 9.4 Kg. 


205 19 Paraltthodes camtschatica - 13 males and 
3 females. 277.6 Keg of peat. 


206 18 Paraltthodes camtschatteca - 5 males. 
Hyas coarctatus alutaceus - 13 males and 
1 female. Chtonoecetes bairdt - 4 males 
and 1 female. 


207 DE11/12 Paralithodes camtschatitca - 7 females. 
Chtonoecetes - 4 males and 1 female. 
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Comments 


Calculated to 100% of sample. Para- 
lithodes camtschatica - 6 males and 167 
females. Erimacrus tsenbeckit - 6 

males and 3 females. Chtionoecetes batrdi 
- 9 males and 3 females. 


Erimacrus tsenbeckit - 4 males. Para- 
lithodes camtschattca - 57 males and 34 
females. Chtionoecetes batrdt - 14 males 
and 8 females. 


Paralithodes camtschattca - 14 males 

and 28 females. Balanus sp., Styela 
macrenteron and Boltenta ovifera 
attached to Neptunea shells. Juvenile 
Theragra chaleogramma weight - 16.057 Kg. 


Paralithodes camtschattca - 6 males 
and 63 females. Chtonoecetes batrdt 
- 17 males and 2 females. 


Sponge attached to kelp holdfast, both 
containing Polychaeta worms, Htatella 
arcttea, assorted brittle stars, Mus- 
culus dtscors, nemerteans, Balanus 
rostratus, juvenile Paralithodes camtscha- 
tiea, Hyas coarectatus alutaceus, and Ore- 
gonta gractlis. Balanus rostratus was 
also attached to volcanic rock (basalt). 
The above species were also present in 
vacant Balanus rostratus shells. Podo- 
desmus macrochtsma apparently settled in 
the upper portion of a Weptunea shell 
occupied by Pagurus kennerlyt. 


Trawl ripped, no specimens enumerated. 


Chtonoecetes batrdit - 2 females. Hyas 
lyratus - 1 male. Hyas coarctatus 
alutaceus - 2 females. Paralithodes 
camtschatica - 6 females, gravid - 2 
purple-brown, 4 brown colored eggs. 
Approx. 266.8 Kg. of Boltenta ovtfera 

on trawl warps and dandy lines. Juvenile 
Theragra chaleogramma weight - 3.674 Kg. 
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Comments 


Empty shells - 8.4 Kg. Paraltthodes 
ecamtschattea - 3 males and 54 females. 
Chtonoecetes batrdi - 3 males and 6 
females. Hydrozoan attached to Bol- 
tenta ovifera. Balanus sp. attached 
to Neptunea ventricosa. 


Rip in trawl. Chtonoecetes batrdi - 

3 males and 2 females. Paralithodes 
camtschattca - 35 males and 18 females. 
Myttlus edults attached to Paraltthodes 
camtschatitca between carapace and telson. 
Juvenile Theragra chaleogramma weight - 
Twa Ke. 


Chionoecetes bairdt - not sexed. 


Chtonoecetes bairdt - 73 males and 39 
females. Chtonoecetes opitlto - 8 males. 
Chtonoecetes (hybrid) - 35 males and 3 
females. 


APPENDIX TABLE II 


SUMMARIZATION OF GENERAL COMMENTS, MISCELLANEOUS BIOLOGICAL INFORMATION, 
REPRODUCTIVE AND FEEDING DATA, AND POLLUTANTS COLLECTED ON 
LEGS I-III OF THE NOAA SHIP MILLER FREEMAN S.E. BERING SEA CRUISE - 1976 


Tow Number 


i 


10 


a 


13 


Station Name 


Z5 


Z5 


Z5 


Z4 


Z4 


B7 


B8 


Le. 


Z2 


Comments 


Pollutants: Blue strapping material, 

nylon line approx. 1.0 m, and pieces of 
wire. Paraltthodes camtschatica: 85 

males, 170.4 kg; 2 females, 1.40 kg. 
Chtonoecetes batrdi: 18 males, 6.08 kg; 

16 females, .907 kg. Erimacrus tsenbecktt: 
12 males. 


Paraltthodes camtsehattca: 21 males, 
46.3 kg. Chtonoecetes batrdt: 1 male. 
Ertmacrus tsenbeckit: 3 males. 


Pollutants: 1 Canada Dry tonic water bottle. 
Paraltithodes camtschatica: 3 males, 8.35 

kg; 3 females 2.36 kg. Chtonoecetes bairdt: 
1 female, 0.045 kg; 4 males, 2.95 kg. 


Encrusting sponges weighed with rock attach- 
ed. Pollock: 6244 kg. Chtonoecetes batrdt: 
7 males, 0.64 kg; 14 females, 0.74 kg. 


Pollutants: 1-5 x 25 cm plastic bag, rope, 
nylon line. Pollock: 6472 kg. Chtonoecetes 
batrdt: 8 males, 1.11 kg; 8 females, 0.61 kg. 
Z04-3 & ZO4-4 haul numbers 45 and 47. 


Pollutants: 1 plastic bag. Paraltthodes 
camtschattca: 9 males. Ertmacrus isen- 
beektt: 14 males. Chtonoecetes batird?t: 
6 males, 2.49 kg; 3 females, 0.817 kg. 


Lamtnarta sp.: 0.907 kg. Two Pagurus 
eaptllatus with parasitic barnacle on 
abdomen, three with polynoidae and sponge 
in shell, 20 gravid females with black eggs. 


Pollutants: 1-25 cm diameter metal bowl. 


Pollutants: 1 rubber glove, 1 sock, 20 

em of line, 2 glass containers. Chtonoe- 
eetes batrdt: 13 males and 70 females. 

C. optlto: 1 male and 14 females. 
Chtonoecetes (hybrid): 3 males and 1 female. 
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Z2 Chtonoecetes batrdt: 3 males and 69 fe- 


males. C. optlto: 1 male. 


ZA2/3 Pollutants: 1 glove, 1-4.2 2 paint can. 
Chtonoecetes batrdt: 14 males and 7 
females. C. optlto: 1 male. 


A3 Chionoecetes batrdt: 30 males and 4 
females: -.C. opt ltonnt3) males. | iC. 
(hybrid): 3 males. 

AB3/4 Pollutants: 0.454 g cotton webbing. 


BC4/5 Caretnobdella sp. noted on ventral side of 
Myoxocephalus sp. and Gadus macrocephalus. 


c5 Pollutants: 1 glass float. Yellowfin sole: 
3190 kg. 

DE3/4 Pollutants: 50 g plastic with leech egg 
cases attached. Juvenile pollock: 726 g. 

BC1/2 Pollutants: 15 cm braided rope. 

BL Pollock weight 2452 kg. 

AB18/1 Pollutants: 1 tin can. 

AB18/1 Pollutants: 1 soda can, 1-1.5 2 glass bottle. 

AB18/1 Pollutants: 1-20 2 glass jar, green plastic 
fragments. 

AB18/1 Pollutants: 1 Asahi beer can. 

Gale) Pollutants: 1 tin can, 1 graduated sea 


water cylinder, 1-10 2 glass bottom (brown). 


19 Pollutants: 10 tin cans and soda cans. 

C19 Pollutants: Piece of wire, 1 soda can. 

c19 Pollutants: 1 bundle of wood stakes. 

C19 Pollutants: 2 glass bottles - 1 2 and 1.5 &. 
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41 D18 Pollutant: Metal fragment 
42 DC18/1 Poliutants: I piece of plastics. ibruteke 


stars, leechs, worms, snails noted in empty 
barnacle shells, worms also attached to 
outer surface. Juvenile pollock: 10.033 kg. 


43 EF19/18 Juvenile pollock: 62 kg. 

46 Z4 1 parasitized Pandalus borealis. 

47 Z4 Pollock weight 8165 kg. 

49 A5 Juvenile pollock: 0.050 kg. 

50 AB5/6 Juvenile pollock: 2.59 kg. 

51 B6 Neptunea shells covered with Balanus sp. 


3 polynoidae in 3 Pagurus captllatus 
shells. Pollutants: 1 old crab pot. Rock 
sole: 3124 kg. 


52 BC6/7 Two Pagurus captllatus parasitized by 
barnacle. Rock sole: 3748 kg. Juvenile 
pollock 9523 ke. 


53 BC6/7 Non-standard tow. Invertebrates not enum- 
erated. 
54 C7 Trawl could not withstand the approximately 


13,620 kg load of fish. Cod end of net 
broke. Station to be retrawled. 


5)5) Gy Pollutants: 1-1800 ml glass bottle. 
Trawl could not withstand fish load, 
cod end broke. Approx. 22,700 kg. 


56 D8 27 out of 66 Pagurus capillatus with 
polynoidae present within shell, 9 with 


parasitic barnacle attached to abdomen. 


58 EF23/24 lst trawl of Leg II. Pollutants: 1 piece 
green twine, 46 cm. 
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60 E22 Many basket stars, sea pens from trawl 


wings (2 bushels). Pollutants: 33 m rope, 
several glass balls, 2 anchors. 


61 EF21/22 Pollutants: 1 can mandarin oranges with 
Japanese writing on label. 


65 DE20/21 Pollutants: 13 cm string, remains of 1 tin 
can (12 g). Dead and decaying fish more 
abundant than usual (approx. 10-15 found 
in this tow). 


67 E20 Haul 66 - net set upside down. No catch 
records. Second set haul 67 successful. 
Pollutants: 30.4 x 15.2 x 1 cm piece of wood. 
Juvenile pollock 6.35 kg. 


68 EF19/20 Pollutants: 1 piece of wood, similar to 
last trawl (30.4 x 15.2 x 1 ecm). 


70 G20 Amphipods numerous on mammal carcass 
(decomposed to bone, vertebrae and skull 
held together.) 


Hab FG21/20 Hermit crabs weighed with shells. 

72 G19 Juvenile pollock 10.4 kg. 

73 FG19/18 Pollutants: 1 piece of string 15.2 cm long. 
Juvenile pollock: 11.8 kg. 

ide FG19/20 Juvenile pollock: 16.8 kg. 

75 F20 Pollutants: several large pieces of string. 

77 D22 Large numbers of basket stars on lead lines 


to trawl (estimated 227 kg). 34 minute 
trawl due to winch problem delaying retrie- 
val. 


79 EF24/25 Pollutants: cardboard with Japanese 
writing (60 x 60 cm). 


81 FG24/ 23 Juvenile pollock: 60.8 kg. 
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Comments 

Juvenile pollock: 27.2 kg. 

Juvenile pollock: 15.4 kg. 

Juvenile pollock: 70 kg. 
Pollutants: 2 tin cans and 1 glove. 


Pollutants: 1 pop bottle with Japanese 
labelling. 


Net snagged 3 minutes before 1/2 hour. 
Net torn, bad bottom. 
Net torn, bad bottom. 


Pollutants: 1-10 oz. tomato juice can. 
Distance fished set equal to average dis- 
tance fished for 11 randomly selected 
stations. 


Pollutants: 1 Japanese coke can. 


Pollutants: Cotton cloth - no markings - 
3308. 


Distance fished set equal to average 
distance fished for 11 randomly selected 
stations. 


First station of Leg III. Times are GMT. 
Chtonoecetes batrdi: 240 females; 329 males. 
Few Chtonoecetes with leech egg cases on 

the carapace. Paraltthodes camtschatica: 

94 males; 194 females. Pagurus captllatus: 
80 males; 36 females. Three with eggs. 

P. confragosus: 58 males; 36 females. P. 
aleutitcus: 38 males; 47 females. Polynoidae 
from Paguridae. Feeding data: Paralithodes 
camtschattea: 7 stomachs, feeding on brittle 
stars and snails. Gadus macrocephalus: 

5 stomachs, feeding on crabs and fish. 
Hippoglossotdes: 4 stomachs, empty. 
Leptdopsetta ltneata: 1 stomach, empty. 
Myoxocephalus: 5 stomachs, empty. 
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Comments 


Pleuronectes quadrituberculatus: 3 
stomachs, feeding on polychaetes and 
amphipods. (Glyptocephalus zachirus: 

3 stomachs, feeding on amphipods 

and polychaetes. Raja stellulata: 1 
stomach, feeding on amphipods and cran- — 
gonids. 


Hyas coarctatus alutaceus: 15 males; 2 
females, one with brown-orange eggs. 
Pandalus gonturus: 3 with eggs. Oregonta 
gractlts: 10 females, one with dark orange 
eges. Crangon dallt: 9 with light blue 
eggs. Polynoidae: 2 with Pagurus ochotensts 
one with P. capillatus. P. ochotensts: 

2 with blue-black eggs. Seleroecrangon 
boreas: 2 with olive eggs, leech cases on 
the pleopods. Paralithodes camtschattca: 

2 females; 1 male. Chtonoecetes batrdt: 

1 female; 5 males. Boltenta ovtfera: 
Digestive system dark green, hundreds were 
caught on the outside of the cod end. 
Evastertas echtnosoma (humped up, stomach 
out) feeding on Boltenta ovitfera. Juvenile 
Gadus macrocephalus: 0.454 kg. 


Hyas coarctatus alutaceus: 50 males; 9 
females, 4 with orange eggs, 2 with 
brown eggs. Pagurus ochotensts: 16 with 
black eggs. Paralithodes camtschatica: 
2 males; 2 females. Feeding data: 
Asterias amurensts: 19 stomachs, feeding 
on Pandalus gonturus, clams, and sponge. 


Hyas coarectatus alutaceus: 82 males; 28 
females with bright orange eggs. Crangon 
dalli: 84 with light blue eggs. 


Paraltthodes camtschattca: 13 males; 16 
females, 8 with egg color from bright 
orange to deep purple. Pagurus ochotensis 
with black eggs. Hyas coarctatus alutaceus: 
3 males; 6 females with light blue eggs. 
Juvenile Theragra chaleogramma: 0.045 g. 
Juvenile Gadus macrocephalus: 0.045 g. 
Juvenile Limanda aspera: 21.24 kg. Feeding 
Data: Astertas amurensts: 4 stomachs, 
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MB22 


MB10 


MB19 


MB16 


MB55 
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Comments 


feeding on sand dollars and mysids. 
Paraltthodes camtschattca: 6 stomachs, 
feeding on snails and crustaceans. 


Paraltthodes camtschattca: 113 females; 

181 males. Chtonoecetes batrdi: 65 fe- 
males; 12 males. Hyas coarctatus alutaceus: 
1 female with orange eggs. Pagurus 
trigonochetrus: 1 female with eggs.. 
Juvenile Theragra chaleogramna: 0.18 g. 
Feeding Data: Paraltthodes cantschattca: 

13 stomachs, feeding on Macoma and 

Cardtta (=Cyclocardia). 


Polynoidae in Pagurus trtgonochetrus shell. 
Pollutants: 1 piece plastic (Japanese or 
Korean) with growth on it. 1 piece red 
rubber glove (small) with Bryozoa growth. 
Pagurus trigonochetrus: 6 females with 
brown eggs. Ayas coarctatus alutaceus: 

9 females with orange eggs. Labtdochtrus 
splendescens: 6 females with brown eggs. 
Chtonoecetes batrdt: 180 females; 150 males. 
C. optlto: 1083 females; 186 males. 
Kronborgta egg case. Juvenile Theragra 
chaleogramma: 3.17. kg. Feeding data: 
Paraltthodes camtschatica: 7 stomachs, 
feeding on Cyelocardia and crustaceans. 


Chtonoecetes batrdt: 44 males; 43 females. 
C. (hybrid): 22 males; 58 females. 
Pollutant: 1 piece of fishing net and 
trash. Feeding data: Gadus macrocephalus: 
16 stomachs, feeding on Pandalus borealts 
and fish. Htppoglossus stenolepts: 3 
stomachs, feeding on fish. 


Pagurus trigonochetrus: 3 with black eggs. 
Pollutant: 1 small piece of rope. No 
observable items in stomach of Gorgono- 
cephalus caryt, orange gonads well 
developed. Nearly all Paguridae shells 
with polynoidae in apex of shell. 
Paraltthodes platypus: 1 male; 1 female, 
male soft shell with empty stomach. 
Chtonoecetes bairdi: 20 males; 17 females. 
C. optito: 69 females; 15 males. C. 
(hybrid): 1 male; 9 females. 
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MB69 


MB-86B 


MB46 


MB37 
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Comments 


Two bopyroid isopods under carapace of 
Pandalus borealis, males small. Argts 
dentata: 2 with bright green eggs. Poly- 
noidae in all Paguridae shells. Chtonoe- 
cetes (hybrid): 4 meals. C. optlto: 1 male; 
1 female. C. batrdi: 127 males; 20 females. 
Feeding data: Chtonoecetes optlto: 23 
stomachs, feeding on Ophiuroids and 
Polychaetes. Gadus macrocephalus: 3 
stomachs, feeding on fish and crustaceans. 


Pollutants: 1 large wine bottle, 1 piece 
rubber mat. Chtonoecetes optlto: 31 males, 
halfUsott shells  C.batrdt 5 males, sort 
shell. C. (hybrid): 60 males, 3 soft shell. 
Pagurus trtgonochetrus: 3 with brown eggs. 
Empty Panomya arcttca shells: 90, 42.2 lbs. 
Feeding data: Liparid: 1 stomach, feeding 
on fish and crustaceans. Gadus macro- 
cephalus: 6 stomachs, feeding on pollock. 
Hemtleptdotus paptlto: 9 stomachs, feeding 
on Polychaetes and amphipods. 


Empty Panomya arctica shells. Leptas- 
tertas sp.: 2 with orange eggs, all 
humped up in brooding position. Hyas 
eoaretatus alutaceus: 23 males; 3 females 
with black eggs. Chionoecetes optlto: 
466 females; 64 males. C. batrdt: 1 
female. Polynoidae present in paguridae 
shells. kKronborgta egg cases. Masses of 
Volutopstus egg cases. Polinices pallida 
egg cases also present. Juvenile 
Reinhardtius hippoglossotdes: 3.85 kg. 
Juvenile Theragra chaleogranma: 0.045 g. 
Juvenile Gadus macrocephalus: 0.045 g. 
Feeding data: Plattchthys stellatus: 1 
stomach, empty. JLtmanda aspera: 4 stomachs, 
empty. Pleuronectes quadrttuberculatus: 
3 stomachs, empty. 


Most Chtonoecetes in soft shell condition. 
Pollutants: Piece of netting. Hyas coar- 
etatus alutaceus: 23 males; 5 females. 
Erimacrus tsenbeckit: 2 males. Pagurus 
trtgonochetrus: 316 males; 2 females with 
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MB37 


MB28 


MB-18A 
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Comments 


dark blue eggs. Polychaeta (tube worm) in 
Paguridae shells. Chtonoecetes optlto: 

72 females; 584 males. Juvenile Gadus 
macrocephalus: 0.136 g. Juvenile Theragra 
chaleogramna: 0.045 g. Feeding data: 
Astertas amurensts: 12 stomachs, feeding 
on Bryozoa. Pteraster: 1 stomach, feeding 
on a worm. Myoxocephalus: 3 stomachs, 
feeding on fish and crustaceans. 


Chtonoecetes optlto: 4326 males; 4815 females. 
Pandalus gonturus: 5 with eggs. Polychaete: 
Tube worm observed with Paguridae. Hyas 
coarctatus alutaceus: 5 males. Kronborgta 
egg cases. Feeding data: Leptastertas 
polarts: 13 stomachs, feeding on cockles. 
Astertas amurensts: 6 stomachs, feeding 

on cockles. Myoxocephalus jaok: 1 stomach, 
feeding on sculpins. Myoxocephalus 
polyacanthocephalus: 1 stomach, feeding on 
capelin and a snow crab. Ltmanda aspera: 

10 stomachs, empty. Pleuronectes quadrt- 
tubereulatus: 5 stomachs, empty. 
Chtonoecetes: 1 stomach, miscellaneous 

soft parts. 


Pagurus captllatus: 1 female, eggs brown; 
10 males. P. aleuticus: 36 females, 

eggs brown; 40 males. Paraltthodes 
camtschatteca: 87 males; 2 females. 
Chtonoecetes optlto: 139 males; 72 females. 
C. batrdt: 20 males; 12 females. AHyas 
Zyratus: 1 female with purple-brown eggs. 
Juvenile Pacific cod: 0.090 kg. Juvenile 
pollock: 82.037 kg. Feeding data: 
Paralithodes camtschattca: 23 stomachs, 
feeding on cockles, brittle stars, 
Solartella, and Polychaetes. Myoxocephalus: 
1 stomach, feeding on snow crabs. 
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I. Summary of Objectives, Conclusions, and Implications with Respect to OCS 
Oil and Gas Development. 


Extensive exploration and development for oil and gas on the Alaskan and 
Canadian continental shelf have the potential to significantly influence the 
marine environment of the Beaufort Sea. It is impossible with our present 
knowledge to accurately predict the consequences of petroleum development on 
the marine benthos. 


The past and continuing goal of this project has been to acquire the know- 
ledge of the ecology of benthic invertebrate faunas of the Beaufort Sea continen- 
tal shelf necessary to evaluate the consequences of offshore oil and gas develop- 
ment. The distribution and abundance of the fauna has been examined in detail 
with studies of the spatial and temporal variability of these. These data will 
provide a baseline against which future changes in the benthic environment and 
community structure can be evaluated. Of current importance are: (1) the 
definition of temporal changes in sublittoral community structure, (2) the 
determination of the life histories and secondary production estimates of 
dominant and ecologically important species, (3) the description of the benthic 
food web, and (4) the study of the ecology of benthic invertebrates important as 
prey organisms to the marine mammals, birds, and fishes. Now that broad 
ecological patterns of benthic invertebrates on the Beaufort Sea shelf are 
becoming fairly well known, it is imperative to define the dynamic processes 
Maintaining temporal and spatial structure. 


II. Introduction 
A. General nature and scope of the study. 


The ecological studies of the shelf benthos include functional, process- 
oriented research that is built on a strong base of descriptive work on ecologi- 
cal patterns and their relationship to the environment. Seasonal changes in the 
numerical abundance and biomass of the large macro-infauna (>1.0 mm) are defined 
at stations across the continental shelf. The benthic food web and its relation- 
ship to bird, fish and mammalian predators are under investigation. 


The species composition, distribution and abundance of the benthos are 
being defined in the southwestern Beaufort Sea. Species and station groupings 
are statistically analyzed and the relationships to the bottom environment 
explored. Dominant species are identified. These patterns provide an insight 
into the relative importance of various features of the environment in determin- 
ing the distribution and abundance of the benthic invertebrate fauna. 


B. Specific Objectives. 


The specific objectives of the 1977/78 proposed research are listed in order 
of priority. The major emphasis will be on the delineation of the benthic food- 
web and description of the coastal benthos. Efforts to characterize the compo- 
sition of the Beaufort Sea fauna to the species level will continue since this 
is a critical step toward understanding the dynamics of the benthic ecosystem. 
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a) 


b) 


Objective 1 - Beaufort Sea benthic foodweb analysis 


1. The numerical density, biomass, and gross taxonomic composition of the 
the benthic macro-infauna at selected water column foodweb stations will 
be obtained. ‘ 


2. The identification of prey species important in the benthic foodweb 
will be undertaken. 


3. The gut contents of selected species of benthic invertebrates will be 
analyzed as far as possible to determine the foodweb links within the 
benthic communities. 


Justification 


Foodweb studies are important because these feeding links are the 
routes by which energy, elements and pollutants are transferred from one 
trophic level to another. Such studies are necessary to identify the 
keystone species and important feeding areas on the Beaufort Sea continental 
shelf. 


Objective 2 - Beaufort Sea coastal benthos 


The numerical density, biomass, and gross taxonomic composition of the 
coastal benthic macro-infauna will be obtained from grab samples taken at 
stations on the inner continental shelf and coastal zone. These samples 
were collected during the summer of 1976 on the R/V. ALUMIAK. This 
research is in large part supported by supplemental funds from NOAA/BLM in 
response to a letter proposal of April 5, 1977. This research will contimue 
throughout the FY-78 contract year. 


Justification 


The coastal region has been designated by the Beaufort Sea synthesis 
meeting as a critical zone of foodweb interactions that could be impaired 
by oil pollution from planned petroleum exploration and production. At the 
present time little is known of the species composition, distribution, 
abundance and environmental interactions of the benthic fauna. 


Research on coastal benthic invertebrates is proposed to fill the 
designated data gap that now exists in the southwestern Beaufort Sea within 
the depth zone of 5 to 25 meters. Because of the large standing stocks of 
benthic fauna in this shallow continental shelf environment, it is an 
important feeding ground for the shallow-water fish, diving birds, and 
Marine mammals. The taxonomic composition and abundance of the benthos are 
strongly correlated with depth and distance from shore. The environmental 
effects of bottom water and sedimentary characteristics on the benthic 
communities in this transitional zone are not known at the present time. 
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c) 


d) 


(Ge 


Objective 3 - Benthic macro-infaunal ecology 


1. Further identifications of abundant species will be undertaken from 
samples collected in the southwestern Beaufort Sea during the WEBSEC and 
ocs field trips and cruises. 


2. Statistical analyses of species and station groups will be run, and 
correlations between these and various characteristics of the benthic 


environment will be made. 


Justification 


A complete description of the benthic fauna of the Beaufort Sea at the 
species level is needed to establish a baseline from which future faunal 
changes can be evaluated. Multivariate analysis of the spatial patterns 
of the benthic fauna will be useful in gaining insight into which environ- 
mental factors are important in controlling animal distributions in this 
area. This type of knowledge is critical to predicting the impact of 
environmental perturbations. 


Objective 4 - Summary and synthesis of benthic environment characteristics. 


1. Sediment samples from OCS benthos stations will be analyzed for particle 
size, organic carbon, and Kjeldahl nitrogen by Oregon State University or a 
subcontractor. 


2. The bottom water characteristics of the southwestern Beaufort Sea 
continental shelf will be summarized as far as possible with the available 
information. 


Justification 


It has been demonstrated that sediment type is one of the key factors in 
controlling the distribution of benthic infaunal organisms. Therefore, it 
is useful to map the distribution of sediment characteristics in conjunction 
with the patterns of faunal distribution. The Beaufort Sea continental 
shelf is characterized by sediments which are patchy in distribution and of 
a broad range of types, and it is, therefore, essential that the sediments 
be defined as completely as possible at each sampling location. 


Relevance to Problems Associated with Petroleum Development. 


Extensive exploratory and production drilling for petroleum on the Alaskan 


and Canadian continental shelf has the potential to significantly influence the 
marine benthic environment and its associated biota. It is impossible with the 
present state of our knowledge of the benthos and the Arctic environment to 
accurately predict either the long or short term consequences of oil and gas 
development on the marine invertebrate benthos and the benthic food web. Only 
recently has descriptive baseline data on species distribution, composition, 
and abundance become available with estimates of variability in space and time. 
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These data can be used as comparisons against which to assess the extent of 
major impacts on the benthic environment. These are a first step toward under- 
standing the role of the sea floor fauna in the Beaufort Sea ecosystem and 
effects they might suffer from a major oil spill. 


The objective of the second phase of the benthic ecological research is 
oriented toward the elucidation of energy pathways within the benthic food web, 
and the maintenance of community structure through the population dynamics of 
dominant species. When the major pathways of carbon flow within the benthic 
food web and to major marine mammal, bird and fish predators are known then 
critical pathways (e.g. dominant prey species) can be evaluated for their 
sensitivity to oil and other forms of pollution caused by man's activities off 
the northern Alaskan coast. 


The measurement of rates and processes within the food web is ultimately a 
more difficult task but one that would allow more accurate estimates of 
environmental impacts. Changes in the metabolism, assimilation, growth and 
reproductive rates of species populations can be used to determine the extent 
of chronic effects of pollution (Widdows 1978). The partitioning of energy 
production and use in the benthos and ecosystem would provide a clearer under- 
standing of the functioning of the ecological units and the degree to which 
they may be imparted by oil exploration and production. 


Our (RU#6) benthic research on year-round reproductive activity of dominant 
benthic species on the continental shelf on the benthic food web, particularly 
in regards to marine mammals, birds, and fishes seeks to define some of the 
functional interactions among the community components. These must be known 
before the effects of environmental impacts can be predicted. 


The benthic invertebrates constitute a major source of food for the top level 
carnivores, including birds, seals, and occasional walrus. Any decrease in 
benthic populations caused by oil pollution might eventually be reflected in the 
populations of these larger animals. Nearshore areas would be most sensitive 
Since it would be in these regions that pollutants would be most likely to mix 
to the benthic boundary. 


The timing of environmental disturbances in this strongly seasonal, environ- 
ment may be extremely critical in determining the stresses experienced by the 
benthic community. For example, an oil spill in the winter on top of the pack 
ice could be cleaned up with little or no resultant damage to the marine benthos, 
while a spill of the same magnitude during a summer of open water might have 
Significant impact. It remains to be determined if the bottom-dwelling inverte- 
brates are more or less sensitive to oil related pollution during the summer 
months, but the pelagic larvae and juvenile stages of the benthic organisms 
would be vulnerable to spills during periods of open water conditions. 


It seems likely that the development of the oil and gas resources will bring 


about changes in the marine environment, but the extent of degradation in the 
benthic environment cannot be predicted. There remains a great scientific need 
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for long term studies on the dynamics of the benthic populations, including 
year-round sampling with measurements on growth, metabolism, and reproductive 
activity. 
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III. Current State of Knowledge 


Since intensive sampling of the benthos of the southwestern Beaufort Sea 
beginning in 1971, ample collections have been made to define the broad eco- 
logical patterns of the bottom invertebrate organisms. These data have been 
submitted as part of the Final Report of NOAA/BLM-OCSEAP Contract No. 03-5- 
022-68, Task Order No. 4 submitted to NOAA by the Benthic Ecology Group at 
Oregon State University under Dr. Andrew G. Carey, Jr. in Quarterly and Annual 
Reports for Task Order No. 5 of RU #6, and in publications (Carey, Ruff, 
Castillo and Dickinson, 1974; Carey and Ruff, 1977). 


Temporal and spatial variability are also fairly well defined, but the 
processes involved in maintaining these are not know. In some areas the scoring 
of the sea floor by ice gouging appears to increase the patchiness of the large 
infauna (Carey et al., 1974 and Carey and Ruff, 1977). It is suggested that 
the temporal variability of the outer continental shelf communities are seasonal 
and caused by reproductive cycles, but no data are yet available to test this 
hypothesis (Carey, Ruff, and Montagna, unpublished M.S.). 


Benthic invertebrates that are important as food sources of marine mammals 
and birds have been designated by other research groups (UR's 230, 232, 172 and 
196), but the ecology of these particular prey species are not well known. 
Research has just been initiated on the benthic food web itself; it's structure 
and rates are not known at the present time. 


In summary, most of our information about the benthic invertebrates is 
descriptive in nature, and the studies of the processes that cause the described 
patterns are only just in the beginning stages. 
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IV. Study Area 


The Beaufort Sea is an integral part of the Arctic Ocean (Coachman and 
Aagaard, 1974). Normally the sea ice melts and is advected seaward during July 
and August in the southern fringe of the sea over the continental shelf. This 
is a response to regional wind stresses which are variable from year to year. 
For example, in some years the polar pack ice can remain adjacent to the coast- 
line throughout the entire season. The extent of ice cover during the sunlit 
summer months affects wind mixing of surface waters and the penetration of light 
into the water column. These factors affect the onset and intensity of phyto- 
plankton production which is highly variable and of low magnitude (Horner, 1976; 
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IV. Study Area (continued) 


Clasby, Alexander, and Horner, 1976). The keels of sea ice pressure ridges 
ploughing through the sediments cause significant disturbance of the benthic 
environment in water depts between 20 and 40 meters (Barnes and Reimnitz, 1974; 
Reimnitz and Barnes, 1974). They gouge the bottom as they are transported 
across the inner shelf by the Beaufort Sea gyral circulation and by wind stress. 


Generally the bottom water masses of the southwestern Beaufort Sea are 
stable, and except for the shallow coastal zone, differ little in thermohaline 
characteristics throughout the year (Coachman and Aagaard, 1974). However, the 
outer shelf region from Point Barrow to about 150°W is influenced by Bering- 
Chukchi water that is advected as a subsurface layer and moves around Point 
Barrow throughout the year in pulses controlled in part by atmospheric pressure 
gradients (Hufford et al., 1977). Coastal upwelling was observed in the Barter 
Island region on the shelf near 143°W during the summer of 1971 when the pack 
ice had moved relatively far offshore (Mountain, 1974). 
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V. Sources, Methods and Rationale of Data Collection 


In general, two areas of continuing benthic ecological research are: 
(1) the extension of research into a food web project which is designed to 
elucidate the biological interactions within the benthos and between the benthic 
organisms and other portions of the ecosystem; and (2) the further accumulation 
of data from existing samples to provide a more complete understanding of the 
patterns of distribution and abundance of benthic invertebrates across the 
continental shelf. This descriptive detailing will provide baseline data with 
more accurate estimates of natural spatial and temporal variability. 


To date, the experimental design has included a description of the benthic 
macro-infaunal and mega-epifaunal communities based on the WEBSEC and OCS 
samples. Numerical densities, total biomass, and major taxonomic composition 
have all been examined. As the species within the taxonomic groups have been 
identified, statistical anaylses have delimited species and station groupings, 
and these groups have been correlated with the environmental characteristics 
of the benthic boundary. Estimates of natural spatial variability have been of 
major concern, and the descriptive phases of the research have been extended 
through a twelve month period to provide estimates of temporal variability and 
to provide initial information of the life histories of the arctic invertebrates. 
The study of interactive pathways with other portions of the ecosystem through 
the food web is a logical extension of the current benthic research. 


A. WEBSEC 
: j 2 5 
A large series of Smith-McIntyre 0.1m grab samples were collected during 


the 1971 and 1972 WEBSEC cruises of the U.S. Coast Guard. These formed the 
basis for our initial survey of the large benthic infauna (>1.0 mm) and mega- 


epifauna (>1.3 cm). Five grab samples were collected per station. Details of 
methodology may be found in the 1977 Final Report for RU #6 Task Order #4, and 
in Carey and Ruff (1977). These samples form the source of much of the poly- 


chaete results reported here. Gordon R. Bilyard under support of the National 
Science Foundation and NOAA/BLM is analyzing these collections as part of his 
Ph.D. dissertation. 


Bo \©GS = Coastal and Shel t 


Continued sampling of the benthos for the OCS program has added survey in- 
formation critical to the description and understanding of species distributions 
and abundances and ecological patterns. A minimum of 5 quantitative grabs per 
station has been adherred to as a sampling strategy whenever possible. 


The OCSEAP-sponsored foodweb cruise in the Beaufort Sea during the 1977 
summer sampling season allowed the sampling of further stations in previously 
unsurveyed areas (Figure 1) on the continental shelf and continental slope. 
The coastal areas sampled from the R/V ALUMIAK are summarized in Figure 2 and 
Table 1. 
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V. C. Temporal variability study methods 


In October 1975 we initiated year-round sampling at standard stations 
across the southwestern Beaufort Sea continental shelf. Our major objectives 
were: (a) to determine the degree and timing of changes, if any, in the 
numerical abundance, biomass, and species composition of the benthic communities, 
and (b) to determine the size distribution and reproductive activity of dominant 
species throughout the year. Five stations at 15 meter depth intervals from 25 
to 100 meters were sampled on five occasions over a 13-month period off Pitt 
Point, Alaska (Figure 3). Sampling was accomplished from an icebreaker during 
the summer field season and with the aid of a helicopter during the remainder 
of the year. A minimum of five standard 0.1 m2 Smith-McIntyre grab samples were 
taken at each station occupied. 


Navigation was by DEW station radar, depth sounder, and sometimes aided by 
OMEGA during ice field trips and by satellite navigator, Loran-C and depth 
sounder on the summer cruise. New techniques and lightweight gear were developed 
for use of the grab through the ice on airborne trips. The basic station set-up 
consisted of a steel pipe tripod positioned over a 1.2 m square hole in the ice 
and a p rtable gasoline hydro winch hauling 3/16" cable rigged through blocks. 


The collected sediment was initially washed through 0.42 and 1.0 mm sieves, 
and the larger infaunal organisms (>1.0 mm) were sorted into major taxonomic 
groups, counted and weighed (wet) in the laboratory. Numerical density is based 
on all taxa (>1.0 mm) except foraminiferans and nematodes. Wet-preserved weight 
includes soft-bodied organisms (>1.0 mm); for greater accuracy and fidelity 
shelled molluscs, ophiuroids and 5 large, rare specimens weighing more than 3.0 g 
each were excluded. Significance of seasonal difference (P) was determined by 
the Kruskal-Wallis one-way analysis by ranks: J.M. Elliot, Some Methods for the 
Statistical Analysis of Samples of Benthic Invertebrates. (Freshwater Biological 
Association, Scientific Publication No. 25, Ambleside, England 1971), p. 118. 


VI. Results 
A. Polychaeta 


The polychaete worms are among the dominant groups of infauna collected in 
the Beaufort Sea. Two major series of collections being studied are the WEBSEC- 
71 and 72 and the OCSEAP (1975-78) samples. 


1. OCS - Polychaetous Annelids 


The polychaetous annelids have been sorted to the family level from 125 
grab samples obtained during the OCS-5 and OCS-7 cruises. The OCS-5 samples 
were taken from the ALUMIAK in 1976 in water depths between 5 and 25 meters 
along five transects between Barrow and Barter Island. In 1977, the standard 
benthic stations off Pitt Point were reoccupied by the GLACIER between 25 and 
100 meters. Summary counts of the polychaetes by family from these grab samples 
are presented in the Current Quarterly report. 
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14. 


VI. A. (continued) 


The three most numerous families at each station were ranked in terms of 
percentage of the total polychaete fauna for three depths along the transects 
between Barrow and Barter Island (Table 2). From this compiled data, a few 
preliminary inferences can be drawn. Representatives of the family Spionidae 
tend to be ubiquitous across the Alaskan arctic shelf, as indeed they are 
worldwide. Members of the Pectinariidae dominate the polychaete fauna off 
Barrow, but are only rarely encountered elsewhere in the Beaufort Sea. This 
may be a reflection of differing environmental conditions due to proximity to 
the Chukchi Sea. It is of interest to note that fourteen different polychaete 
families are represented in the rankings. This is indicative of a heterogeneity 
of habitats occurring within a fairly confined depth range. Further conclusions, 
however, will have to await more detailed species information. 


2. WEBSEC - Polychaetous Annelids 


In addition to the use of gammarid amphipod data to further understand the 
Beaufort Sea ecosystem, data on the polychaetous annelids has served to elucidate 
Many aspects of interactions between organisms and environment. Accumulation of 
data on the polychaetes requires concise taxonomic work. Dr. Kristian Fauchald 
(Allan Hancock Foundation, University of Southern California) has been most 
gracious in extending his help, including his personal expertise, use of the 
Allan Hancock Foundation Library, and use of the Allan Hancock Foundation 
biological collections. The desired level of taxonomic expertise could not have 
been achieved without his help. 


Species found to date are listed in Table 3. Taxa bearing a letter designa- 
tion (examples: Eclysippe sp. A, Genus A) have been confirmed as undescribed taxa. 
A taxonomic review of the Beaufort Sea polychaetous annelids is presently in the 
early stages of preparation, and will, when published, include descriptions of 
the letter-designated taxa. 


Among the polychaete data being collected are the numerical abundances of 
the polychaete species found at stations across the Beaufort Sea continental 
shelf and clope. Five transects, consisting of 119 Smith-McIntyre Grab samples 
(divided into 24 stations) were selected for analysis. Three transects (Figure 
4) have been completed to date; the remaining two transects are very near 
completion. The numbers of species with depth and the numbers of polychaete 
specimens with depth are plotted in Figures 5 and 6. 


Maximum numbers of species along the three transects are found between 75 
and 150 m depth (Figure 5). Although reasons for the observed general shape 
of the species curves remain unclear, certain factors have been suggested which 
may influence species richness (number of species) at a given site. Inshore 
stations (20-40 m) are within the ice gouge zone (Kovacs and Mellor, 1974), 
where continual sediment disturbance may prohibit certain species from establish- 
ing populations. At depths greater than 400 m species richness decreases with 
increasing depth, possibly a consequence of decreasing nutrient supply. Hence, 
the observed species maximum on the outer continental shelf and upper continental 
slope in the Western Beaufort Sea may result from a minimum of bottom disturbance, 
coupled with a relatively high nutrient input. 
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15s. 


The most numerous families arranged in terms of percentage of 
The percentages are derived from 


grab samples taken along transects occupied by the ALUMIAK in 
Five grab samples were taken at each of the stations 


Table 2 
the total polychaete fauna. 
NOW6e 
represented. 
5 - meters 
BARROW 49%-Spionidae 
TRANSECT: 18%-Nephtyidae 
12%-Hesionidae 
PITT POINT 41%-Spionidae 
TRANSECT: 16%-Ampharetidae 


PINGOK ISLAND 
TRANSECT: 


NARWHAL ISLAND 
TRANSECT : 


BARTER ISLAND 
TRANSECT: 


13%-Orbiniidae 


31%-Maldanidae 
14%-Cirratulidae 
11%-Spionidae 


40%-Spionidae 
21%-Hesionidae 
13%-Sabellidae 


27%-Spionidae 
24%-Ampharetidae 
15%-Sphaerodoridae 


10 - meters 


77%-Pectinariidae 


15 - meters 


77%-Pectinariidae 


5%-Flabelligeridae 6%-Polynoidae 


3%-Capitellidae 


34%-Sabellidae 
17%-Spionidae 
14%-Cirratulidae 


80%-Spionidae 
7%-Sabellidae 
4%-Sphaerodoridae 


53%-Spionidae 
27%-Ampharetidae 
6%-Cirratulidae 


66%-Spionidae 
7%-Ampharetidae 
6%-Cirratulidas 
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4%~-Spionidae 


86%-Spionidae 
4%-Capitellidae 
3%-Paraonidae 


56%-Spionidae 
28%-Ampharetidae 
6%-Sabellidae 


25%-Cirratulidae 
13%-Spionidae 
7%-Capitellidae 


17%-Cirratulidae 
17%-Spionidae 
15%-Nephtyidae 


Table 3 


POLYCHAETOUS ANNELIDS OF THE WESTERN BEAUFORT SEA 

(Family and genus designations follow Fauchald, 1977.The 

Polychaete Worms. Definitions and Keys to the Orders, Families and Genera, 
Science Series 28. Natural History Museum of Los Angeles County.) 


AMPHARETIDAE 
Amage auricula Malmgren, 1866 
Ampharete acutifrons (Grube, 1860) 
Ampharete arctica Malmgren, 1866 
Ampharete vega (Wirén, 1883) 
Amphicteis gunneri (Sars, 1835) 
Eelysippe sp. A 
Glyphanostomum pallescens (Théel, 1879) 
Lysippe labiata Malmgren, 1866 
Melinna cristata (Sars, 1851) 
Sabellides borealis Sars, 1856 
Genus A 
APISTOBRANCHIDAE 
Apistobranchus tullbergi (Theel, 1879) 
CAPITELLIDAE 
Barantolla americana Hartman, 1963 
Capitella capitata (Fabricius, 1780) 
Heteromastus filiformis (Claparéde, 1864) 
Parheteromastus sp. A 
CHAETOPTERIDAE 
Spiochaetopterus typicus Sars, 1856 
CIRRATULIDAE 
Chaetozone setosa Malmgren, 1867 
Cirratulus cirratus (Muller, 1776) 
Tharyx ? acutus Webster and Benedict, 1887 
COSSURIDAE 
Cossura longocirrata Webster and Benedict, 1887 
Cossura sp. A 
DORVILLETDAE 
Schistomeringos caecus (Webster and Benedict, 1887) 
Schistomeringos sp. A 
FLABELLIGERIDAE 
Brada incrustata St¢gp-Bowitz, 1948 
Brada inhabilis (Rathke, 1843) 
Brada villosa (Rathke, 1843) 
Diplocirrus hirsutus (Hansen, 1879) 
Diplocirrus longisetosus (v. Marenzeller, 1890) 
Pherusa plumosa (Muller, 1776) 
GONIADIDAE 
Glycinde wireni Arwidsson, 1899 
HESIONIDAE 
Nereimyra aphroditoides (Fabricius, 1780) 
LUMBRINERIDAE 
Lumbrineris fragilis (Miller, 1776) 
Lumbrineris impatiens (Claparede, 1868) 
Lumbrineris minuta Théel, 1879 
Lumbrineris sp. A 
Lumbrineris sp. B 
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MAGELONIDAE 
Magelona longicornis Johnson, 1901 
MALDANIDAE 
Clymenura polaris (Théel, 1879) 
Lumbriclymene minor Arwidsson, 1907 
Maldane sarsi Malmgren, 1865 
Notoproctus oculatus var, arctica Arwidsson, 1907 
Petaloproctus tenuis (Théel, 1879) 
Praxillella praetermissa (Malmgren, 1865) 
NEPHTY I DAE 
Aglaophamus malmgreni (Théel, 1879) 
Micronephtys minuta (Théel, 1879) 
Nephtys ciliata (Muller, 1776) 
Nephtys paradoxa Malm, 1874 
NERETDAE 
Nereis zonata Malmgren, 1867 
Jicon sp. A 
ONUPHIDAE 
Nothria conchylega (Sars, 1835) 
Onuphis quadricuspis Sars, 1872 
OPHELI=DAE 
Ophelina acuminata Cersted, 1843 
Ophelina cylindricaudatus (Hansen, 1879) 
Ophelina sp. A 
Cphelina abranchiata Stgp-Bowitz, 1948 
ORBINITDAER 
Scoloplos acutus (Verrill, 1873) 
QWENIIDAE 
Myriochele heeri Malmgren, 1867 
Owenia fusiformis delle Chiaje, 1841 
PARAONIDAE 
Allia suecica (Elaiscn, 1920) 
Allia sp. A 
Aricidea ushakovi Zachs, 1925 
Paraonis sp. A 
Tauberia gracilis (Tauber, 1879) 
PECTINARIIDAE 
Cistenides hyperborea (Malmgren, 1865) 
PHYLLODOCIDAE 
Anaitides citrina (Malmgren, 1865) 
Anaitides groenlandica (Oersted, 1843) 
Eteone flava (Fabricius, 1780) 
Eteone longa (Fabricius, 1780) 
Mysta barbata (Malmgren, 1865) 
Mystides borealis Théel, 1879 
Paranaitis wahlbergi (Malmgren, 1865) 
PILARGIIDAE 
Sigambra tentaculata (Treadwell, 1941) 
POLYNOIDAE 
Antinoella hadia (Théel, 1879) 
Antinoelle sarsi (Malmgren, 1865) 
Arcteobia anticostiensis (McIntosh, 1874) 
Enipo gracilis Verrill, 1874 
Eucranta villosa Malmgren, 1865 
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POLYNOIDAE - CONT, 

Eunoe oerstedi (Malmgren, 1865) 

Gattyana cirrosa (Pallas, 1766) 

Harmothoe imbricata (Linneus, 1767) 

Lagisca extenuata (Crube, 1840) 

Melaenis loveni Malmgren, 1865 
SABELLIDAE 

Branchiomma infarcta (Kroyer, 1856) 

Chone duneri Malmgren, 1867 

Chone murmanica Lukasch, 1910 

Euchone papillosa (Sars, 1851) 

Jasmineira schaudinni Augener, 1912 
SCALIRREGMI DAE 

Polyphysia crassa (Cersted, 1843) 

Scalibregma inflatum Rathke, 1843 
SERFULIDAE 

Apomatus globifer Théel, 1879 
SIGALIONIDAE 

Pholoe minuta (Fabricius, 1780) 
SPHAERODORIDAE 


Sphaerodoridium claparedii (Greef, 1866) 


Sphaerodoridium sp. A 


Sphaerodoropsis minuta (Webster and Benedict, 1887) 


Sphaerodoropsis sp. A 

Sphaerodoropsis sp. B 

Sphaerodoropsis sp. C 

Sphaerodorum gracilis (Rathke, 1843) 
SPIONIDAE 

Laonice cirrata (Sars, 1851) 

Minuspio cirrifera (Wiren, 1883) 

Polydora caulleryi Mesnil, 1897 


Frionospio steenstrupi Malmgren, 1867 


SPIRORBIDAE 
Dexiospira spirillum (Linneus, 1758) 
Spirorbis granulatus (Linneus, 1767) 
STERNASPIDAE 
Sternaspis fossor Stimpson, 1854 
SYLLIDAE 
Autolytus alexandri Malmgren, 1867 
Autolytus fallax Malmgren, 1867 
Exogone dispar (Webster, 1879) 
Exogone naidina Oersted, 1843 


Sphaerosyllis erinaceus (Claparéde, 1863) 


Typosyllis cornuta (Rathke, 1843) 
Typosyllis fasciata (Malmgren, 1867) 
TEREBELLIDAE aS 
Artacama proboscidea Malmgren, 1866 
Axionice flexuosa (Grube, 1860) 
Lanassa nordenskioldi Malmgren, 1866 
Lanassa venusta Malm, 1874 
Laphania boecki Maimgren, 1866 
Leaena abranchiata Malmgren, 1866 
Nicolea zostericola Oersted, 1844 
Polycirrus medusa Grube, 1855 
Proclea graffii (Langerhans, 1884) 


18. 


TRICHOBRANCHIDAE 
Terebellides stroemi Sars, 1835 
Trichobranchus glacialis (Malmgren, 1856) 
TROCHOCHAETIDAE 
Trochochaeta carica (Birula, 1897 ) 
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23%. 


VI. A. 2 (continued) 


The decrease in total abundance of polychaetes in Transects 4 and 5 (Figure 
6) with increasing depth may also be attributed to decreasing nutrient supply 
offshore. Transect 1, however, exhibits a large, distinct abundance peak at 
depths of 400 to 800 m. Moving inshore and offshore from this upper continental 
slope abundance peak, the numerical abundances of the polychaetous annelids fall 
to very low values. The suggestion that particulate matter entrained with 
Bering Sea water is falling out of the water column and enriching the benthic 
community in this depth zone (Carey and Ruff, 1977) is supported by these 
polychaete data. 


Minuspio cirrifera, a surface deposit feeder, and Owenia fusiformis, a 
filter feeder (Jumars and Fauchald, 1977) dominate the high abundance zone in 
Transect 1 by contributing 64% of the individuals found in this benthic community. 
The cominance of these two feeding types suggests a steady influx of particulates 
entering the benthic layer from the overlying water column. Completion of Tran- 
sects 2 and 3 should provide additional information by which the hypothesis of 
nutrient input from Bering Sea water may be evaluated. 
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B. Gammarid Amphipoda 


The gammarid amphipods from 125 Smith-McIntyre grabs collected seasonally 
along a transect across the Beaufort Sea Continental Shelf were identified to 
species. Over 100 species were found including representatives of 21 gammarid 
families (Table 4). The samples from five stations ranging between 25 and 100 
meters were obtained during four separate cruises covering all seasons. The 
amphipod assemblages at each station were rather homogeneous in their species 
composition and relative abundance throughout the year. However, detailed 
analyses of reproductive activities and population size (age) structures need to 
bedetermined at the stations across the continental shelf environments to 
ascertain the degree of seasonality. 


There was clear evidence of depth zonation in the amphipod fauna across 
the shelf with three distinct assemblages being identifiable from inner-, mid-, 
and outer-shelf depths (Table 5; Figures 7-10). 


Detailed listings of the gammarid species identified from each sample and 
their abundances can be found in the 1976-77 quarterly reports. 


Lei: 


Table 4 : Gammarid Amphipoda collected in the Southwestern Beaufort Sea 
during the OCSEAP Benthic Ecology Program from 1975-1977. 


Acanthonotozoma inflatum (Kroyer, 1842) 
Acanthonotozoma serratum (Fabricius, 1780) 
Acanthostepheia behringiensis (Lockington, 1877) 
Acanthostepheia malmgreni Goes, 1866 
Aceroides latipes G. Sars, 1892 
Acidostoma laticorne G. Sars, 1879 
Ampelisca birulai Bruggen, 1909 
Ampelisca eschrichti Kroyer, 1842 
Ampelisca latipes Stephensen, 1925 
Ampelisca macrocephala macrocephala Liljeborg, 1852 
Anonyx debruynii (Hoek, 1882) 

Anonyx nugax (Phipps, 1774) 

Apherusa glacialis (Hansen, 1887) 
Apherusa retovskii Gurjanova, 1934 
Apherusa sarsi Shoemaker, 1930 

Argissa hamatipes (Norman, 1869) 
Aristias tumidus (Kroyer, 1846) ; 
Arrhinopsis longicornis Stappers, 1911 
Arrhis luthkei Gurjanova, 1936 

Arrhis phyllonyx (mM. Sars, 1858) 

Atylus bruggeni (Gurjanova, 1938) 
Atylus smitti (Goes, 1866) 

Bathymedon obtusifrons (Hansen, 1887) 
Boeckosimus affinis (Hansen, 1886) 
Boeckosimus normani (G. Sars, 1895) 
Boeckosimus plautus (Kroyer, 1845) 
Byblis arcticus Just, 1970 

Centromedon fumilus (Liljeborg, 1865) 
Corophium acherusicum Costa, 1857 
Corophium clarencense Shoemaker, 1949 
Dulichia abyssi Stephensen, 1944 
Dulichia bispina Gurjanova, 1930 
Dulichia falcata (Bate, LS 5x7) 

Dulichia tuberculata Boeck, 1871 
Epimeria loricata G. Sars, 1879 
Ericthonius megalops (G. Sars, 1879) 
Ericthonius tolli Bruggen, 1909 
Eusirus cuspidatus Kroyer, 1845 
Gammaracanthus loricatus (Sabine, 1821) 
Gammaropsis melanops (G. Sars, 1882) 
Gammarus locusta (Linnaeus, 1758) 
Gammarus oceanicus Segerstrale, 1947 
Gitana abyssicola G. Sars, 1892 

Gitana rostrata Boeck, 1871 

Goesia depressa (Goes, 1866) 

Guernea nordenskjoldi (Hansen, 1887) 
Halirages quadridentatus 4G. Sars, 1876 
Haploops laevis Hoek, 1882 

Haploops setosa Boeck, 1871 

Haploops sibirica Gurjanova, 1929 
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Table 4 (continued) 


Haploops tubicola Liljeborg, 1855 
Harpinia kobjakovae Bulycheva, 1936 
Harpinia mucronata G. Sars, 1879 
Harpinia pectinata G. Sars, 1981 
Harpinia serrata G. Sars, 1879 
Hippomedon abyssi (Goes, 1866) 
Hippomedon denticulatus (Bate, 1857) 
Hippomedon holbolli (Kroyer, 1846) 
Hippomedon robustus Sars, 1894 
Ischyrocerus chamissoi Gurjanova, 1951 
Ischyrocerus commensalis Chevreux, 1900 
Ischyrocerus latipes Kroyer, 1842 
Ischyrocerus megacheir (Boeck, 1871) 
Ischyrocerus megalops G. Sars, 1894 
Lembos arcticus (Hansen, 1887) 
Lepidepecreum eoum Gurjanova, 1938 
Lepidepecreum umbo (Goes, 1866) 
Liljeborgia fissicornis (M. Sars, 1858) 
Maera danae (Stimpson, 1854) 

Melita dentata (Kroyer, 1842) 

Melita formosa Murdoch, 1866 

Melita quadrispinosa Vosseler, 1889 
Metopa robusta G. Sars, 1892 

Metopa spinicoxa Shoemaker, 1955 
Metopa tenuimana G. Sars, 1892 
Metopella carinata (Hansen, 1887) 
Metopella nasuta (Boeck, 1871) 
Monoculodes borealis Boeck, 1871 
Monoculodes carinatus (Bate, 1862) 
Monoculodes diamesus Gurjanova, 1936 
Monoculodes latimanus (Goes, 1866) 
Monocuiodes longirostris (Goes, 1866) 
Monoculodes packardi Boeck, 1871 
Monoculodes schneideri G. Sars, 1895 
Monoculodes tesselatus Schneider, 1883 
Monoculodes tuberculatus Boeck, 1871 
Monoculopsis longicornis (Boeck, 1871) 
Neohela monstrata (Boeck, 1861) 
Neopleustes boecki (Hansen, 1887) 
Neopleustes pulchellus (Kroyer, 1846) 
Odius carinatus (Bate, 1862) 

Odius kelleri Bruggen, 1907 

Oediceros saginatus Kroyer, 1842 
Onisimus litoralis (Kroyer, 1845) 
Opisa eschricti (Kroyer, 1842) 
Orchomene gronlandica (Hansen, 1887) 
Orchomene minuta (Kroyer, 1846) 
Orchomene serrata (Boeck, 1861) 
Paradulichia typica Boeck, 1870 
Paralibrotus setosus Stephensen, 1923 
Parampithoe hystrix (Ross, 1835) 
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Table 4 (continued) 


Parampithoe polyacantha (Murdoch, 1885) 
Paraphoxus oculatus G. Sars, 1879 
Parapleustes assimilis (G. Sars, 1882): 
Parapleustes gracilis (Buchholz, 1874) 
Pardalisca cuspidata Kroyer, 1842 
Pardalisca tenuipes G. Sars, 1893 
Pardaliscella lavrovi Gurjanova, 1934 
Pardaliscella malygini Gurjanova, 1936 
Paroediceros lynceus (M. Sars, 1858) 
Paroediceros propinquus (Goes, 1866) 
Paronesimus barentsi Stebbing, 1894 
Perioculodes longimanus (Bate & Westwood, 1868) 
Photis reinhardi Kroyer, 1842 

Photis tenuicornis G. Sars, 1895 
Photis vinogradova Gurjanova, 1953 
Pleustes medius (Goes, 1866) 

Pleustes panopla (Kroyer, 1838) 
Pleusymtes karianus (Stappers, 1911) 
Podoceropsis inaequistylis Shoemaker, 1930 
Podoceropsis lindahli (Hansen, 1887) 
Pontoporeia affinis (Lindstrom, 1855) 
Pontoporeia femorata Kroyer, 1842 
Priscellina armata (Boeck, 1861) 
Protomedeia fasciata Kroyer, 1842 
Protomedeia grandimana Bruggen, 1905 
Rhachotropis aculeata (Lepechin, 1778) 
Rhachotropis helleri (Boeck, 1871) 
Rhachotropis inflata (G. Sars, 1882) 
Rhachotropis oculata (Hansen, 1887) 
Rozinante fragilis (Goes, 1866) 
Socarnes bidenticulata (Bate, 1858) 
Stegocephalus inflatus Kroyer, 1842 
Stenopleustes eldingi Gurjanova, 1930 
Stenopleustes malmgreni (Boeck, 1871) 
Syrrhoe crenulata Goes, 1866 

Tiron spiniferum (Stimpson, 1854) 
Tmetonyx cicada (Fabricius, 1780) 
Tryphosella gronlandica (Schellenberg, 1935) 
Tryphosella pusilla (G. Sars, 1869) 
Tryphosella rusanovi (Gurjanova, 1933) 
Unciola leucopis Kroyer, 1845 
Westwoodilla caecula (Bate, 1857) 
Westwoodilla megalops G. Sars, 1882 
Weyprechtia heuglini (Buchholz, 1874) 
Weyprechtia pinguis (Kroyer, 1838) 
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Table 5 : Comparison of dominant amphipod species at PPB-25 and PPB-100. 


PPB-25 


Aceroides latipes 
Gammarus sp. A 
Rozinante fragilis 
Ampelisca eschricti 
Haploops tubicola 
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PPB-100 


Unciola leucopis 

Tiron spiniferum 

Guernea nordenskioldi 
Harpinia serrata 

Photis vinogradova 
Podceropsis lindhaldi 
Photis rheinhardi 
Podoceropsis inaequistylis 
Hippomedon abyssi 
Protomedeia fasciata 
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VI. C. Coastal Fauna (5-25 meters depth) 


The coastal large macrofauna (>1.0 mm) are generally more abundant inshore 
at 5 or 10 meters depth (Figures 11-15). Polychaetes comprise 70-85% of the 
total infauna in this zone. Biomass, in contrast, does not peak with density 
indicating that these organisms are small in size on the average (Figures 16-20). 


The minimum numerical abundance zone at 15-25 meters depth coincides with 
the sea ice shear zone between the landfast ice and the moving polar pack. 
However, detailed studies of the effects of ice gouging on the benthic community 
are necessary before causality is assigned to this physical phenomonon. 


When a grab sample contains a high concentration of peat, it often has a 
large number of organisms associated with it. Perhaps the peat acts as a source 
of detritus and organic materials for the benthic food web. 


The range and variability of the biomass of the large macro-infauna (>1.0 mm) 
across the continental shelf off Pitt Point are similar to the remainder of the 
southwestern Beaufort Sea observed from grab samples taken in 1971. The 
numerical density on the Pitt Point Transect has a much greater variability. 
Perhaps the observed seasonal cycles are the cause for this greater range. 
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Figure ll. Coastal Zone. The abundance of large benthic infauna (1.0mm +) 
on the Point Barrow Transect. 
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Coastal Zone. The abundance of 
large benthic infauna (1.0mm +) 
on the Pitt Point Transect. 
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Coastal Zone. The abundance of 
large benthic infauna (1.0mm +) 
on the Pingok Island Transect. 
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Figure 14. Coastal Zone. The abundance of large benthic infauna (1.0mm +) 
on the Narwhal Island Transect. 
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Figure 15. Coastal Zone. The abundance of large benthic infauna (1.0mm +) 
on the Barter Island Transect. 
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Figure 16: Coastal Zone. Biomass (grams preserved wet weight/m’) of large 
soft-bodied benthic infauna (1.0mm +) on the Point Barrow Transect. 
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Bigure 17. Coastal Zone. Biomass (grams preserved wet weight/m ) of large 
soft-bodied benthic infauna (1.0mm +) on the Pitt Point Transect. 
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Figure 18. Coastal Zone. Biomass (grams preserved wet weight/m ) of large 
soft-bodied benthic infauna (1.0mm +) on the Pingok Island Transect. 
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Figure 19. Coastal Zone. Biomass (grams preserved wet weight/m ) of large 
soft-bodied benthic infauna (1.0mm +) on the Narwhal Island Transect. 
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Figure 20. Coastal Zone. Biomass (grams preserved wet weight/m ) of large 
soft-bodied benthic infauna (1.0mm +) on the Barter Island Transect. 
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VI. D. Shelf Fauna (5-100 meters depth) 


By compiling stations taken during the two summer 1976 cruises (OCS-4 
and OCS-5), two shore to shelf-break transects can be constructed (Figure 21). 
On the Pitt Point Transect, the trends in numerical density of the large macro- 
infauna indicate a maximum in abundance at the shallowest and the deepest depths 
(Figure 22). A bimodal pattern is also evident on the shorter transect off 
Narwhal Island near Prudhoe Bay (Figure 23). These two transects accentuate a 
minimum numerical density occurring at intermediate depths around 15-20 meters. 


It is evident that several processes are probably in operation across the 
shelf. The nearshore zone often has concentrations of peat-like detritus. The 
minimum lies within the sea ice shear zone, the most active area of ice pressure 
ridging and bottom gouging. Ice encroachment on barrier islands may also depress 
the abundance of the nearshore fauna. The Narwhal Island data may be a result of 
this scour, as the pack ice generally rides up over the shoreline of the island. 


E. Bathyal Fauna 


Eleven deep-sea stations were occupied during the 1977 summer cruise 
(OCS-7) on board the USCGC GLACIER (Figure 1). 


The numerical dengity of the benthic infauna (0.5mm +) decreases markedly 
with depth from 2400/m' at 650 meters to 120/m™ at the four deepest stations 
(3300-3800 meters). There is a general trend toward a decrease in the size of 
the organisms with depth (Figure 24). 


Over the depth range sampled the biomass of the larger infauna (1.0mm +) 
spans three orders of magnitude. The standing stocks decrease markedly with 
depth from_10 g (wet preserved weight) /m? at stations shallower than 1000 meters, 
to 1-5 g/m between 1000-3000 meters depth, to 0.1-0.7 g/m? at depths greater 
than 3000 meters.(Figure 25). 


F. Temporal variability of benthic infauna across the continental shelf on the 
Pitt Point Transect (Extracted from unpublished manuscript: Carey, Ruff, 
and Montagna. Submitted to SCIENCE). 


Large standing stocks of macro-infauna, equivalent to those of many temper- 
ate environments, have been found across much of the Beaufort Sea continental 
shelf off the Alaskan north coast (1). It has been generally assumed that this 
arctic environment, in contrast to analagous regions in the shallow Chukchi Sea 
to the west and in the Antarctic, supports a very low energy ecosystem. Low 
standing stocks and production rates have been recorded previously in the 
Beaufort Sea for both phytoplankton and zooplankton (2). The large populations 
of benthic invertebrates encountered on the shelf were, therefore, expected by 
us to exhibit low biological activity and to be in energetic equilibrium with 
the low inputs of nutritive material (1). It was anticipated that the biomass 
and total numerical abundance of the benthic community would not vary significantly 
throughout the year. 
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Figure 22. Continental Shelf. Abundance of 
large macro-infauna (1.0mm +) on 
the Pitt Point Transect across the 

8000 ; 
continental shelf. 
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Figure 23. Continental Shelf. Abundance of large macro-infauna (].Omm +) 
on the Narwhal Isalnd Transect across the inner half of the 
continental shelf. 
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Figure 24. Bathyal. Abundance of the macro-infauna on the Demarcation Point 
Transect down the continental slope. Note the importance of the 
small macrofauna (0.5-1.0mm) . 


4000 f no. samples 
‘a 0.5mm fraction 
1.0 mm fraction / 
3000 
S) 
5h 
\ 
& 2000 2 
FS 
S 
/ 
1000 
4 
f / Js O 
2 
(e) Spies E4 _ —_ = 
1000 2000 3000 4000 


DEPTH (m) 


175 


Figure 25. 
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Bathyal. Biomass of the large macro-infauna (1.0mm +) on the 
Demarcation Point Transect down the continental slope. 
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VI. F. (continued) 


Findings from samples taken seasonally across the Beaufort Sea continental 
shelf in 1975-76 strongly contradict these expectations. Changes in both the 
total numerical density and the soft-bodied infaunal biomass within the benthic 
population at stations on the middle and outer shelf were encountered. The 
magnitude and periodicity of fluctuations in numerical abundance are indicative 
of an annual reproductive cycle with a large peak in recruitment, and the 
temporal variability in biomass suggests possible seasonality. Similar changes 
are not found at the shallowest shelf station, indicating that different process- 
es are operating there. The seasonal changes exhibited by the Beaufort Sea 
benthic community have compelled us to re-evaluate our concept of the productiv- 
ity of this Arctic ecosystem. 


At Stations PPB-55, PPB-70, and PPB-100 on the outer portion of the 
continental shelf the benthic assemblages showed marked variations in numerical 
density (Figure 26 and Table 5). Though these are not synchronous trends at 
all three depths, they appear to be periodic and are indicative of annual 
reproductive cycles. The average trends for these stations demonstrate an 
increase in animal numbers through the spring with a maximum of 8,500/m2 reached 
in May and a subsequent decline occurring through the summer and fall. Presum- 
ably the spring increase in density is caused by recruitment to the (>1.0 mm) 
benthic community beginning early in the season. During the picking/sorting 
phase in the laboratory, we observed a much greater proportion of small individ- 
uals in the May samples than at any other time of the year. The summer-fall 
decrease in numerical abundances implies high mortality rates, caused perhaps by 
predation and/or competition. 


Temporal changes in biomass were not as marked as those in numerical 
abundance, but the trends were strongly suggestive of seasonality (Table 5 and 
Figure 27). The biomass maximum appeared in August, not in May when peak densities 
occurred. This increase could be caused by growth of individuals after their 
recruitment to the benthic populations in the spring. The high growth rates that 
would have to exist to cause this seasonal increase are in contrast to the slow 
growth rates reported for Antarctic invertebrates (5). 


Average trends in gross structure suggest that the benthic communities on 
the outer continental shelf of the Beaufort Sea are dynamic and undergo distinct 
seasonal cycles. Numerical density and biomass return to similar levels from 
one year to the next. Previous ideas concerning the benthos and their role in 
the ecosystem should now be questioned and further hypotheses suggested. From 
our data and observations we conclude that temporal cycles on the scale of 
Seasons exist for infaunal numerical density. 


In contrast to the outer shelf, the total yearly range in infaunal 
abundance at the shallowest station PPB-25 varies within narrow limits (Table 5). 
The amplitude of range for both indices is low, variances are high, and no 
seasonal trends are evident. The numerical densities of macro-infauna at the 
40=meter station are similar to those at PPB-25, but because of the lack of fall 
samples from either year, it is difficult to determine whether these changes in 
gross structure are random or cyclic at this depth. 
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Figure 26. Numerical density of macro-infauna (1.0mm +) at standard 
stations at 5 sampling periods. Station PPB-40 is considered 
transitional and consists of 3 data points; it has been omitted 
for clarity. Each point represents an average of 5 samples. 
The solid line is the mean trend for the 3 outer stations. 
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dard stations at 5 sampling periods. Station PPB-40 is considered 
transitional and consists of 3 data points; it has been omitted for 
clarity. Each point represents an average of 5 samples. The solid 
line is the mean trend for the 3 outer stations. 
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Wits ae (continued) 


Based on the amplitude and temporal pattern of total numerical abundance 
we can classify the benthic communities along the Pitt Point line into an innér- 
and an outer-shelf group. This abundance index varies within narrow limits at 
the inner-most station while it exhibits a broader range with distinct seasonal 
maxima and increasing statistical significance at the three deepest stations. 
Since the shallowest station lies within the active ice gouging zone, we suggest 
that this inner-shelf community is adapted to episodic destruction and is 
characterized by the presence of opportunistic species with asynchronous repro- 
ductive cycles that are not closely coupled to the other biological cycles 
around them. We suggest that the reproductive capacity of animals at the shallow 
station is influenced by the physical disturbances and that at the deeper 
stations it is accomodated to a seasonal food input. The benthic community at 
PPB-40 at the outer edge of the ice gouging zone is a transitional environment 
and could be expected to be comprised of a spectrum of species with a mix of 
life histories. 


Food sources available to the continental shelf ecosystem could include: 
coastal benthic diatom production ( 6), tundra and peat erosion and continental 
run-off (1, 6 ), localized phytoplankton blooms induced by occasional coastal 
upwelling (8), diffuse and low level meritic phytoplankton production (4), 
advection of fauna and organics with the Bering Sea-Chukchi Sea water mass (8); 
and underice epontic diatoms (3, 4, © ). Except for the intrusion of the 
southern water mass, the neritic phytoplankton and the ice algae, these food 
sources are localized and influence only shallow lagoon or nearshore coastal 
environments. Though its areal extent and overall contribution to the ecosystem 
are unknown, carbon fixation by ice algae appears to be a likely energy source 
for the outer shelf biotic system. To account for the dynamic trends encountered 
within the benthic community, both a seasonal cue and an energy source capable 
of supporting annual benthic reproduction and recruitment are required. These 
conditions are met by ice algae. In the nearby Chukchi Sea, populations of these 
epontic diatoms begin to increase in April under very low ambient light inten- 
sities, reach maximum population densities and productivity in May, and decrease 
during the early summer. This underlayer of diatoms and associated biota 
sloughs off during the initial stages of ice melt and possibly sinks to the sea 
floor (6). Carbon fixation of ice algae per unit area during May can be ten 
times that of the later phytoplankton bloom in the water column (4,7 ). Annual 
production is about 5g C/m2 off Point Barrow. Though not high when compared 
with more southern coastal areas, this may represent a major portion of the 
primary production in the offshore Beaufort Sea (4). Rapid sinking of the 
"inverted benthos" ice epontic community could carry much of this food rapidly 
through the pelagic zone and make it available to sea floor organisms during 
their period of recruitment. 


In this report (submitted to SCIENCE) we have demonstrated significant 
average seasonal changes in basic community structure in the benthos that are 
probably caused by the collective annual reproductive cycles of the fauna. To 
drive these dynamics of offshore benthos, larger sources of energy are required 
than have been previously reported for the Beaufort Sea. We suggest ice algae 
as a likely cyclic food source that could make this Arctic ecosystem productive. 
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VI. F. (continued) 
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G. Oregon State University Benthic Invertebrate Reference Museum 


As part of the research program directed at the benthic infaunal organisms 
encountered on the Beaufort Sea continental shelf, efforts have been made to 
upgrade and consolidate the Oregon State University Benthic Invertebrate 
Reference Museum. This collection of arctic and North Pacific invertebrates 
is now housed in a separate, air-conditioned room adjacent to the benthic 
ecology laboratory, and is equipped with a dissecting scope, some pertinent 
arctic literature, and a desk to provide working space. In its present 
configuration, the collection has become an invaluable resource as a "biological 
library" for confirming or differentiating many of the difficult arctic inverte-- 
brate species being sorted from OCSEAP grab samples. ; 


As of the last computer update (11 Jan 1978), the arctic portion of the 
benthic reference collection contains a total of 314 described species represent- 
ing seven different phyla. Most of the identified specimens belong to the 
annelids, arthropods, or molluscs, since these three groups tend to predominate 
across the continental shelf in the Alaskan arctic. Efforts are now being 
initiated to examine some of the lesser groups, although a majority of taxonomic 
work still involves the identification of members of the three previously 
mentioned phyla. Generally, invertebrate species new to the collection are 
catalogued as soon as they are identified at Oregon State or are received from 
specialists. In addition, duplicates and other specimens representative of 
variations in morphology, depth, and range are entered into the collection 
whenever practical. Multiple specimens of each species make the reference 
museum a much more flexible and useful tool. 


With this expansion of the invertebrate reference collection, the difficul- 
ties inherent in maintaining accurate cataloguing have grown increasingly 
complex. To cope with the mounting bookkeeping problems, computer data bases 
were developed to maintain the information pertinent to each specimen, mold 
this data into a standardized format which could be easily and routinely 
interpreted, and accommodate the expansion anticipated with continuous additions 
to the collection. These data bases are explained in specific detail in 
Appendix I. Generally, however, they allow us to store and retrieve all the 
relevent information for any specimen housed in the reference museum. All 
collection data and any secondary environmental data can be easily accessed. 

The correct scientific name, the reference to the original description, current 
or older synonyms, and the zoogeographic regions from which each species has been 
collected is maintained for every catalogued specimen. In addition, an index is 
provided which summarizes these specimens by taxa, keeping track of the number 

of species in the collection and listing internal checks which have detected 

any errors introduced into the system (Table 6 ). Room has been built into the 
data bases to allow for additional specimen information, which in the future 

will include data on sexual development, the names of specialists confirming 
particular identifications, and a bibliography of works specifically relevent 

to each species. 


Where possible, species identifications have been made or confirmed by 
taxonomic specialists. The following authorities have had an input into upgrad- 
ing the benthic invertebrate collection; or have agreed to examine particular 
groups: 
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Table 6 


Computer data base summary index showing the number of identified 
taxa contained in the Benthic Reference Museum. When this index 
was compiled, there were 314 arctic species representing seven 

different phyla. 


Internal checks within the data base also revealed 
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Wik - Ge (continued) 


Dr. Charles E. Cutress -- anthozoa 
University of Puerto Rico 


Dr. Kristian Fauchald -- polychaetous annelids 
Allan Hancock Foundation 


Dr. Meredith L. Jones -- polychaetous annelids 
Smithsonian Institution 


Mr. Christer Erseus -- oligochaetous annelids 
University of Goteborg, Sweden 


Dr. Jean Just -- gammarid amphipods 
Universitets Zoologiske Museum, Denmark 


Dr. Diana Laubitz , -- caprellid amphipods 
Museum of Natural Sciences, Ottawa, Canada 


Dm Bruce \C.-Coull -- harpacticoid copepods 
University of South Carolina 


Dr. Norman S. Jones =—41 Cumacea 
University of Liverpool, England 


Dr. Joel Hedgpeth -- pycnogonida 
Oregon State University (Emeritus) 


Dr. James H. McLean -- gastropoda 
Natural History Museum, Los Angeles 


Dr. Frank R. Bernard -- pelecypoda 
Pacific Biological Station, Nanaimo, Canada 


Ms. Amelie Scheltema -- solenogaster 
Woods Hole Oceanographic Institution 


Dr. G. Arthur Cooper -- brachiopoda 
Smithsonian Institution 


Dr. Leonard Soroka -- bryozoa 
St. Cloud State University, Minnesota 


With more identified specimens being returned from taxonomic specialists, 
the function and value of the benthic reference museum has expanded. The 
collection room provides a centralized location where the specimens can be 
properly stored and maintained. Temperature control, periodic curation, and 
removal of specimens from the collection can be routinely monitored. The 
collection also provides a nucleus of well-preserved specimens which will be 
valuable for anticipated reproductive studies. The major advantage of the benthic 
reference museum, however, is in its service as a working taxonomic library which 
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VI. G. (continued) 


is readily available to the members of the Oregon State benthic group. It is 
a high-powered research tool which permits the examination of a variety of 
difficult questions concerning the taxonomy and ecology of the arctic inverte- 
brate fauna. As such, the Oregon State University Benthic Invertebrate 
Reference Museum is an indispensable resource which continues to expand in 
scientific value. 


VII. Discussion 


From the data accumulated during the past year, it is evident that there 
are seasonal, offshore-onshore, and geographic patterns in the structure of 
the southwestern Beaufort Sea benthic infaunal communities. 


Perhaps the most significant and surprising finding is the seasonality 
observed in the outer continental shelf communities. The abundant fauna 
appears to have a significant increase in numerical abundance in May with less 
marked change in biomass by the end of the summer. Because of the observed 
increase in small organisms with the communities in the late spring, recruit- 
ment to the populations (>1.0 mm) is a reasonable explanation for this 
phenomonon. Growth individuals would explain the increase in biomass observed 
in the August samples. There would also have to be high rates of mortality 
to explain the decrease during the late summer-early fall. 


The implications to be derived from these results describing a biologically 
active fauna in an arctic region with low primary production are intriguing. 
These results imply a more productive Beaufort Sea ecosystem than previously 
thought. The average results point to the need for detailed life history 
studies of the most abundant species now on hand. Further field research to 
describe these seasonal changes in more detail and to measure usable carbon 
inputs to the ecosystem are also called for. Ice algae production and tundra 
peat detritus inputs are potential sources that should be defined throughout the 
year. 


The abundance patterns of the larger benthic infauna (>1.0 mm) in the 
coastal zone demonstrate a nearshore maximum in numerical density with an 
intermediate low and an offshore maximum. Hypotheses for-.processes that main- 
tain these patterns are suggested by the bimodality of numerical density and 
correlations with environmental festures. The abundance peak nearshore may 
be caused by inputs of detrital peat from coastal erosion and river run-off, 
while that near the edge of the shelf may be the region where the lower current 
energies allow oceanic detritus and fine sedimentary particles to settle out. 
The abundance low is strongly correlated with the sea ice shear zone region. 
It is not known how long-lasting the destructive effects of ice scour are; it 
is possible that such scours would take a long time to recover previous 
sedimentary cover and characteristics owing to the low sedimentation rates on 
the arctic Alaskan shelf. 
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Discussion (continued) 


Preliminary analysis of the distribution and abundance of polychaete 


species indicate that the eastern and western regions of the research area are 
different ecologically. The numbers of species and number of specimens at each 
station along the 3 transects summarized to date demonstrate a striking 
similarity between the 2 eastern transects and the contrast in pattern of the 
transect off Cape Halkett. Previous research (Carey 1977 Final Rpt. T.O. #4) 
has shown the uniqueness of the Barter Island area. 


Vii. Conclusions 


Ie 


The benthic communities on the outer continental shelf undergo seasonal 
changes in numerical density and biomass. (Reasonably Firm) 


The benthic infauna (>1.0 mm) are at maximum abundance nearshore and on 
the outer shelf with a minimum at 15-25 meters depth. (Reasonably Firm) 


Gammarid amphipod species are influenced by depth; an inner, middle, and 
outer shelf fauna can be distinguished across the continental shelf off 
Pitt Point. (Reasonably Firm) 


Polychaete worms are more abundant nearshore near the Barter Island region, 
and offshore to the west near Cape Halkett. (Reasonably Firm) 


Environmental features most influencing the benthic invertebrate communities 

on the Beaufort Sea continental shelf include sediment type, depth, nearshore 
salinity, river and lagoon detritus export, organic inputs, ice gouging, and 

predation. (Preliminary) 
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APPENDIX I 


Documentation of computer programs for Data Base Management 
(DBM System) 
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INTRODUCTION 


The primary purpose of this document is to teach people how to coc2 field and 
laboratory data on to computer cards, and how to organize these cards to 
satisfy the input requirements of the data base management (DBM) system. The 
DBM system is comprised of two data bases (BUG and MUD) and one computer 
program to manage each data base (programs STUFF and CRAM). 


Before learning to code data some basic understanding of the structure common 
to data bases, and how the data bases and DBM programs interact is needed. 
Following that discussion each DBM program will be discussed in detail where 
the coding procedure will be specified. The documentation is not intended to 
give a thorough description of the programs STUFF and CRAM. Information about 
these programs is only given to help the coding procedure along. 


After reading this manual one should be able to create and edit the information 
in either of the data bases using the directive cards read by the DBM programs. 


GENERALIZED DATA BASE STRUCTURE 


Terminology used to explain the structure of a data base can be confusing, but 
with the aid of Figure I and the glossary the following description will hope- 
fully be understandable. A data base has a beginning, a middle, an end, and a 
primary key, only the latter may not be obvious. The primary key performs the 
same function for a data base as the Library of Congress number plays ina 
library. Without the Library of Congress number the library would be a hope- 
lessly confused collection of books, with no systematic way of finding a book 

or reshelving a borrowed book. The primary key has two crucial characteristics: 
1) it has a defined minimum and maximum value that specifies its range, and 

2) it has an implicit order (e.g. numerically increasing). The analogue to 

books in a library are sections, whose order in the data base is determined by 
the value of its primary key. The first section of the data base is called the 
header section, which has a primary key equal to the key's defined minimum 

value. This section contains only a primary key. The next zero to many sections 
is where data is stored in the data base. Each section represents some independent 
entity (e.g. sample, or species) and contains the primary key in addition to other 
information collected. The last section in the data base is called the trailer 
section, which has a primary key equal to its maximum value. The trailer section 
signals the end of the data base and does not contain any other information. 

The header and trailer sections define the bounds of the data base and together 
form the minimum requirements to be called a data base. 


THE ROLE OF DBM PROGRAMS 


Now that the basic structure of a data base has been explained the next question 
is how does the DBM program use this structure? The purpose of the DBM programs 
is to create an edited data base (NEW data base) by combining the information in 
an existing data basel (OLD data base), with the card input read by the DBM 
program. The manual's prime concern is describing how the input cards are coded, 
and organized. To be more specific NEW is generated in roughly the following 
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BUG 


RECORD 1 HEADER SECTION 


RECORD 1 SECTION 1 


RECORD 1 


SECTION 2 


RECORD 1 SECTION 3 


RECORD 1 


SECTION 4 
RECORD 1 SECTION 5 
RECORD 1 SECTION 6 


RECORD 1 SECTION 7 


RECORD 1 SECTION K | 


TRAILER SECTION | 


RECORD 1 


PIGUREMM 


manner. The header section is read from OLD and transferred to NEW. DBM 

program then begins to read input cards (also called directive cards) which 
contain: 1) a primary key, 2) a directive character, and 3) information to be 
stored. Sections are transferred from OLD to NEW until a primary key is found 

in OLD that equals or is greater than the primary key read on the input cards. 

A decision is made to determine if the section last read from OLD should be 
modified (primary keys equal) or a new section be inserted in NEW. The directive 
character signals what information is on the input card, which is stored into 

the appropriate variables in the section. The sequence of events is then repeated 
for the next input card, starting with the search for a primary key greater than 
or equal to the primary key on the input card. After all the input cards have 
been read the remaining sections in OLD, including the trailer section, are 
written on NEW. In the end you have two data bases. The original data base 
(OLD) has not been changed, but the second data base (NEW) is identical to OLD 
except for those sections that were modified, created or deleted by the directive 
cards. 


PROGRAM STUFF 


The taxonomic data base (BUG) can now be discussed in more detail. It has 
the simplest structure, each section is composed of one record that contains 
all the information about a taxonomic group. The term "taxonomic group" is 
purposely broad, it can refer to a described species, organisms lumped together 
at a higher classification (e.g. phylum, class, order, etc.) or even gross 
qualitative labels (e.g. detritus, unknown, eggs, etc.), any category that is 
judged to be necessary to sort and identify a sample. Each taxonomic group is 
assigned a unique OSU code which is the primary key for the BUG data base and 
is used to identify which section (taxonomic group) you want information about. 
The Sample data base (MUD) uses BUG as a repository of the most up-to-date 
information about a taxonomic group. This allows many minor taxonomic changes 
such as name changes, range extensions, addition of auxillary codes, or addition 
of OSUBI catalog numbers to be incorporated into the BUG data base when necessary 
but requiring no changes in the MUD data base. The following paragraphs describe 
the procedures and formats required by STUFF to manage the information in BUG. 
Information about the various codes, directive cards, file names, input structure, 
and diagnostic error statements will be covered to assure an adequate working 
knowledge necessary to use program STUFF. 


CONVENTIONS AND CODES 


The OSU code is the primary key for the BUG data base. The code consists 
of a two letter initial and a three digit number that are combined to form the 
five character OSU code. The initial protion of the code contains taxonomic 
information, a two letter combination is assigned each category of a rather 
arbitrary, but specified, taxonomic classification system. As an example, all 
amphipods would be given OSU codes that start with AA, and all polychaetes have 
codes that start with the two letter combination WM. To make the two letter 


1 ; : : 
These programs can insert new sections into a data base, but cannot create a 
data base from scratch. The programs require an existing data base as input. 
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combinations unique a three digit integer is added to produce a code that 
conveys some taxonomic information but avoids many of the shortcomings of pure 
taxonomic codes. The OSU code has several limitations on how it is written. 
The code contains no blanks, is always five characters long, and the integer 
number must be right justified with zero fill if necessary. 


OSU CODE EXAMPLES 


Valid codes Illegal codes 
AB132 AA 3 
AAOO] ABCO2 
XA042 A0003 
XX008 ABOOO4 

$cool 


cre ett F : 5 aa 2 
One of the characteristics of a primary key is an implicit order. The order 
is determined alphabetically by the first two characters of the code and then 
numerically by the last three characters. 


The program places several other constraints on the input. Taxon names 
and the original describing references can be no longer than 40 characters each. 
When these two data items are entered on the "*" directive card, the taxon is 
written first starting in the first column of the field. The name cannot 
have more than two consecutive blanks, the reason will be evident shortly. 
After the last character of the taxon name, two blanks must follow before the 
original describing reference is started. The field is only 60 characters long 
so a problem can occur if the number of characters in the two data items is 
greater than 58, they simply will not fit on one "*" directive card. To solve 
this dilemma two "*" directive cards must be used. One card has only the taxon 
name in the field starting in the first column, and the other card leaves the 
first two columns of the field blank, followed by the original describing 
reference. 


There are other conventions used in coding that should be mentioned. Some 
of the taxonomic groups have representative individuals in the Oregon State 
University Benthic Invertebrate (OSUBI) reference collection, for which the BUG 
data base acts as a catalog. Two types of data are stored in a section that 
deals with the OSUBI reference collection, the OSUBI catalog number and the total 
number of specimens of the taxa present in the reference collection. For the 
purpose of programming, a taxa is considered in the collection if it has at least 
one catalog number stored in the section. Therefore, if you wish to remove a 
taxa from the reference collection (from the data base's point of view at least), 
all the catalog numbers must be deleted from the section with the "D" directive 
card. Catalog numbers must also conform to some limitations to guarantee smooth 
interfacing with other programs. Numbers are read and stored in BUG as hollerith 
data, but other programs that use the BUG data base may read them as integers. 


-the implicit order is not obvious when viewed as five characters, but when the 
OSU code is stored into a real variable with a R5 format the resulting computer 
word looks identical to an integer constant, composed of the display codes for 
the five characters in the OSU code. Once the code has been transferred to an 
integer variable with a logical masking expression, to prevent normalization, 
the code can be compared to other codes with simple arithmetic tests. The 
implicit order of the code is now obvious. 192 


These limitations require that they are always coded as five digit integers 
with leading zeros. A maximum of 490 numbers can be stored in each section. 
Duplicate catalog numbers are not allowed within a section, but no checks are 
made to assure that a catalog number in one section does not exist in other 
sections. The total number of specimens in a taxa present in the OSUBI 
reference collection is also stored in each section. The variable acts as a 
simple accumulator and it is the user's responsibility to verify that the value 
is accurate. The value for the number of specimens is divided into three 
categories. It may be empty, positive, or less than or equal to (<) zero. The 
empty condition indicates no information is available. The latter category 
applies when specimens have not been exactly counted, which is represented in 
the printout as three plus signs. If the variable is positive it is the number 
of specimens in the collection. The value of the variable in the data base is 
changed by adding to it the number (positive or negative) in its field on 

the "/" directive card. However, there are exceptions. When the data base 
variable is less than or equal to zero it is simply set equal to the value on 
the "/" directive card, or if the value on the directive card is -0.0 the 

data base variable is set to an empty condition. STUFF coordinates these 
section variables (catalog numbers and number of specimens) to avoid conflicts. 
When no catalog numbers are stored in a section, but the number of collection 
specimens is not empty, steps are taken to eliminate the conflict. Before 

the section is written onto the new data base, an informative diagnostic is 
printed, and the number of specimens is forced to an empty condition. 


Three remaining codes should be briefly discussed to complete this topic. 
Zoogeographic information is stored in the data base through the use of location 
codes. Many geographic and depth zones have been established (Table I). When 
an organism is collected in one of these zones its presence is recorded in the 
data base by placing the appropirate location code on a "/" directive card. 
Locatign codes are three digit integers which must be right justified in any 
field. Table I also contains Taxon Level codes, which are used to specify the 
taxonomic level the organism has been identified to. The code is self- 
explanatory and is entered as a two digit value on the "/" directive card. 

The remaining code is the NODC taxonomic code. This code is supported by the 
National Oceanographic Data Center (NODC) and may also be referred to as the 
VIMS code. The code is twelve digits long and left justified with no trailing 
zeros. Although the code is numeric it is treated as hollerith information. 


proeacions are stored as a bit map. Each location is assigned a bit, if this 
bit is on, the organism has been collected at the location, conversely if the 
bit is off it has not. The program must be changed to include additional 
location code descriptions if they are not found in Table I. 
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TAXONOMIC LEVEL CODE 


Code 


94 
90 
86 
82 
78 
74 
70 
66 
62 
58 
54 
50 
46 
42 
38 
34 
30 
26 
22 
18 
14 
10 

6 


Taxon 


Superphylum 
Phylum 
Subphylum 


Superclass 
Class 
Subclass 
Series 
Superorder 
Order 
Suborder 
Section 
Superfamily 
Family 
Subfamily 


Supergenus 
Genus 
Subgenus 


Superspecies 
Species 
Subspecies 


TABLE I 


LOCATION CODES 


Code 


ONO O BW WO # 
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Location 


Beaufort Sea 

Chukchi Sea 

Bering Sea 

Ni bacrircr sabyssalll 

Ne Paciskalc = ssilope 

N. Pacific, shelf 
Estuarine 

Arctic Basin 

N. Pacific, pelagic 

N. Pacific, intertidal 


Directive Cards 


Information in the BUG data base can be manipulated using any of 5 
directive cards, which are identified by the directive character in the first 
column of the card. These directive cards can be divided into functional groups 
which will be described separately. The "*", "/", and "D" directive cards will 
be discussed first, followed by the "=", and "#" directive cards which have a 
much more limited use. An example of how these cards are used can be found in 
Appendix C. 


Creation, and modification of sections 


Sections can be created or modified through the use of the "*", "/", and 
"D" directive cards. If a section is being modified you can add new information 
into it or make corrections to existing information in the section. To illustrate 
the use of directive cards consider some hypothetical organism that we wish to 
enter into the data base. Since this organism does not exist in the data bases 
a new section must be created. The first task is to assign the organism a unique 
OSU code which will be the primary key. Each card must include a directive 
character and the OSU code. The OSU code controls where the new section is 
written in the new data base, and the directive character specifies what informa- 
tion is expected on the card. The information describing the organism is coded 
using the directive card formats summarized in Appendix B. The name, original 
describing reference, and phylum of the organism are the the 3 variables entered 
on the "*" directive card, with the name and original describing reference 
sharing a field (col. 2-67) as described above in "Codes and Conventions." The 
OSU code is placed in column 63-67, followed by the phylum in columns 71-80. 
"/"" directive card has the OSU code in column 2-6. NODC Taxonomic code is the 
second field (col. 8-19) followed by the taxon level code (col. 21-22), 
situation code (col. 24-26) and the OSUBI collection specimens field (col. 27-32). 
The next 5 fields are reserved for OSUBI catalog numbers, followed by 3 fields 
used for zoogeographic location codes. These two directive cards contain all 
the information that can be stored in the BUG data base. The "*" directive 
card stores the OSU code into the new section, therefore, when a new section is 
being created a "*" directive card with the OSU code is the minimum requirement. 


If the hypothetical organism was already in the data base and you wished 
to supplement the information stored in past executions of program STUFF, you 


would be modifying the organism's section in the data base. Information in the 
section can be added (changed from an empty state), changed (replace existing 
information), or deleted (change to an empty state). How these modifications 


are performed depends on the information. 


Taxon name and original describing reference, phylum, and NODC code are 
stored as hollerith information and are added or changed in the same manner. 
The new information may be added to a section by placing it in the appropriate 
fields on the directive cards. Program STUFF replaces the information in the 
data base, whether empty, or not empty, with the information on the directive 
cards. Information is deleted by placing a semi-colon in the first column of 
the field, on the appropriate directive card, that corresponds to the variable 
you wish to delete. 


The taxon level code and situation code are numeric codes and may be added or 


changed in the same manner as hollerith information, but to delete these numeric 
codes you place a -O in the right most columns of the appropriate field. 
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The variable containing the number of OSUBI collection specimens is 
handled differently. How the information on the directive card is used depends 
on the value stored in the section. If the value in the section is empty or 
less than or equal to zero (represented as +++ on output) the value on the 
directive card replaces the value in the section. When the value in the data 
base is positive the value on the directive card is added to the value in the 
section. The value on the directive card may be negative but if the resulting 
value is less than or equal to zero it will be represented on the output as 
"+++." The value may be deleted by placing a -0.0 in the field. 


OSUBI Catalog numbers and location codes are stored in lists within a 
section. They can be viewed as being present or absent in the list, so they 
are technically never changed only added or deleted. These codes are added by 
placing the codes in their respective fields on the "/" directive card, but they 
are deleted from the lists in the section in different ways. The location codes 
can be deleted from the list by entering the code on one of its fields on the 
"/" directive card preceded by a minus sign. Both positive (adding location 
codes) and negative (deleting location codes) location codes can be placed on 
the same "/" directive card. OSUBI Catalog numbers are added by entering the 
number in one of its fields on the "/" directive card. "D" directive cards are 
used to delete catalog numbers from the list. To delete catalog numbers you 
must include the OSU code for the target section and enter the catalog numbers 
to be deleted in the remaining fields on the card. 


EDITING DIRECTIVE CARDS 


The "*", "/", and "D" directive cards are the most commonly used but two 
more directive cards remain. The "=", and "#" directive cards have specialized 
editing functions. The "#4" directive card contains only the directive character 
and an OSU code. This card prevents the section from being written on the new 
data base, effectively deleting the entire section. The remaining directive card 
should be used cautiously. The "=" directive card simply changes the OSU code 
in a section from its present value to a second prescribed value. The OSU code 
is the primary key for the BUG data base and the "=" directive card does not 
check the new data base to guarantee that the implicit order of the primary keys 
within the data base is maintained. It is the responsibility of the user to be 
sure that the use of the "=" directive card will not destroy this order. If 
the implicit order would be destroyed it is necessary to delete the entire 
section with the old OSU code and recreate the section with the new OSU code 
using the "*" and "/" directive cards as described above. 


The directive cards are read by program STUFF sequentially and must be 
arranged in increasing order of OSU codes, although cards with the same OSU 
codes may be in any order. The program assumes the cards are so ordered and 
any cards out of order will be ignored and a diagnostic statement printed. 
Appendix C gives an example of a directive card deck, and the changes they create 
in a data base. 
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FILES 
PROGRAM STUFF (INPUT,OUTPUT, TAPE] ,TAPE2) 


Four files are used by the program. INPUT contains the directive cards 
described in the previous discussion, sorted by OSU code, and terminated by 
an End-of-File (EOF) card. TAPE1 is a previous data base which is merged with 
the information on the directive cards and written on TAPE2. TAPE] is referred 
to as the "OLD" data base, and TAPE2 is the "NEW" data base. OUTPUT (see 
Appendix C) contains 1) listing of data base information, 2) diagnostic statements, 
and 3) execution summaries. As the program reads directive cards it prints any 
diagnostic statements as problems arise. When a new, modified, or deleted 
section is processed the contents are printed (example in Appendix C) with an 
informative label (=NEW=, =MODE=, =DEL= respectively) which indicates the 
action taken. An execution summary is printed when the program ends. This 
summary is often useful to determine if any diagnostic statements are buried 
in the preceding printout and as a tally of the number of section created, 
modified, or deleted. 


DIAGNOSTICS 


Appendix A gives many of the diagnostic statements the program prints 
along with an example of how the statements look on the printout. Most diagnostics 
list the number of the last directive card read which gives the user an idea where 
the error occurred, but is not necessarily the card in error. The errors not 
included in Appendix A mainly deal with parity errors while reading or writing 
the data bases or the unexpected occurrence of an EOF on any of the files. These 
errors have informative massages about the general cause of the error but often 
these errors will require the help of a programmer to uncover the problem. These 
Situations should be rare. 
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STUFF ERROR MESSAGES 
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APPENDIX A 


DIAGNOSTIC MESSAGES 


IS AN INVALID RECORD TYPE. CARD IGNORED. 


OSU CODE IS BLANK. CARD IGNORED. 
MAXIMUM NO. OF INPUTED CATALOG NO. REACHED. EXTRA NO. IGNORED. 
DUPLICATE CATALOG NUMBER FOUND. 


FILE PROTECT POINTER VIOLATED. ALL CAT. NO. NOT STORED. 


IS FIRST RECORD NUMBER OF DATA BASE. SHOULD BE ZERO. 


IS WRONG DATA BASE PASSWORD. SHOULD BE OCSEAP. 


FILE PROTECT POINTER OUT OF RANGE. 

____ COULD NOT BE FOUND IN DATA BASE. REQUEST IGNORED. 

INPUT CARDS NOT PROPERLY SORTED. 

YOU CANNOT HAVE SPECIMENS W/O CATALOG NUMBERS. NUMBER PURGED. 


EMPTY OSU CODE, SECTION NOT WRITTEN ON NEW DATA BASE. 
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10 


ala 


COMMENTS 


The directive character (Record type) is not one of the directive 
characters (*, /, D, =, #) described in this documentation. The card 
is ignored. 


The OSU code on the directive card is blank. The card is ignored. 


The inputed OSUBI catalog numbers would exceed the maximum number that 
can be stored in a section (490). Catalog numbers are stored until 
space is exhausted. The remaining catalog numbers are not stored. To 
increase the storage capacity would require reprogramming. 


An OSUBI catalog number found on the "/" directive card already exists 
in the section. Duplicate catalog numbers are not allowed within a 
section so the catalog number is not stored. 


This error is similar to error 3. The program attempted to exceed the 
dimension assigned to OSUBI catalog numbers. This error should be 
brought to the attention of a programmer. 


The header section should have a primary key of zero, but the header 
section read from TAPEl does not have the expected primary key. It is 
possible TAPE] contains the wrong data base, or a file that is not in 
the BUG data base format. 


The header section contains a password that is used to be sure the 
proper data base is accessed. The program expects the password to be 
"OCSEAP" but it is not. It is possible TAPEl contains the wrong data 
base, or a file that is not in the BUG data base format. 


The third variable in the header section contains a value that defines 
the dimension allowed to store OSUBI catalog numbers. This value is 
either less than or equal to zero or greater than the maximum number of 
variables per section. This error should be brought to the attention 
of a programmer. 


The old data base OSU code on a "=" directive card cannot be found in 
the old data base. The card is ignored. 


The directive cards are not sorted in increasing order by OSU code. The 
card is ignored. The cards that are out of order should be run in the 
next modification of the BUG data base or all the directive cards should 
be ordered properly and re-run. 


OSUBI catalog specimens variable is not empty, but there are no catalog 
numbers stored in the section. This conflicting condition is solved by 
forcing the OSUBI catalog specimens variable to an empty condition 
before the section was written on the new data base. 
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Error 
Number 


12 


COMMENTS (continued) 


A section with an empty OSU code was not allowed to be written on the 
new data base. This condition can occur when a section is created but 

a y*" directive: card was not included. Ef it was the users ‘true 
intention to create this new section, a "*" directive card must be 
included with the other directive cards (even if no other information 

is on it other than the "*" directive character and OSU code). Often 

it was not intended that a new section be created, but simply a keypunch 
error on the OSU code of a directive card. In this case the directive 
card is effectively ignored. 
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APPENDIX B 


DIRECTIVE CARD FORMATS 
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* DIRECTIVE CARD 
COLUMN 


1 
2-61 
63-67 
71-80 


/ DIRECTIVE CARD 
COLUMN 


al 
2-6 
8-19 
21-22 
24-25 
27-32 
34-38 
40-44 
46-50 
D2=D6 * 
58-62 
63-66 
67-70 
71-74 


= DIRECTIVE CARD 


COLUMN 


# DIRECTIVE CARD 
COLUMN 


1 
2-6 


TAXON INFORMATION 
DESCRIPTION 
eal 


Taxon name and original description 
OSU code 


Phylum 
CODED INFORMATION 
DESCRIPTION 
we 
OSU code 


NODC taxonomie code 

Taxon level code 
Situation code 

OSUBI Collection specimens 
OSUBI Catalog number (1) 
OSUBI Catalog number (2) 
OSUBI Catalog number (3) 
OSUBI Catalog number (4) 
OSUBI Catalog number (5) 
Location code (1) 
Location code (2 
Location code (3 


REPLACE OSU CODE 
DESCRIPTION 


wan 


OSU code (OLD DATA BASE) 
OSU code (NEW DATA BASE) 


DELETE SPECIES (SECTION) 


DESCRIPTION 


Wii 
T 


OSU code to be deleted from data base 
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FORMAT 


R1 
6A1L0 
Rd 

Al1O 


D DIRECTIVE CARD DELETE OSUBI CATALOG NUMBERS 


COLUMN DESCRIPTION FORMAT 
itt yD) Y RL 
2-6 OSU code R5 
Si Catalog number (1) | NS 
ae oas) Catalog number (2) A5 
20-24 c A5 
26-30 3 A5 
32-36 AS 
38-42 A5 
44-48 A5 
50-54 A5 
56-60 2 A5 
62-66 : A5 
68-72 Catalog number (11) AS 
74-78 Catalog number (12) A5 
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APPENDIX C 


This appendix contains an execution of program STUFF, to illustrate what 
the output looks like. The first page has specific sections taken from the 
data base printed, showing what information is in the data base before the 
information on the directive cards (the following page) are merged. The next 
two pages are the actual output from program STUFF when executed with the 
previous directive cards. The output shows how the information in the OLD 
data base has been modified and gives examples of two error diagnostic state- 
ments. The information on the directive cards was chosen to show how sections 
are created, modified, and deleted as well as how to delete, add and modify 
variables within a section. 


There are two areas on the output that have not been discussed. The 
"MODIFY DATE/TIME" area contains the date (year/month/day) and time (hour/minute/ 
second) that the section was created or last modified, which ever date and time 
is more recent. The second area is labeled "COLLECTION". This area is blank 
unless there are OSUBI Catalog numbers stored in the section, in which case the 
area has the word "YES" printed. 
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GLOSSARY 
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OR 


GLOSSARY 


Bit - The bit is the basic unit of a computer word. These programs 
depend on a 60 bit word, numbered from left to right. The 
left most bit (commonly called the sign bit) is the number 
one bit. The right most bit is the 60th bit in a computer 


word. 
1 ‘ : 
Block - This term refers to a collection of 1 to many records. 
Database - A computer file containing 2 to many sections. The first 


section of the file must be a header section, and the last 
section must be a trailer section. 


Date - This refers to the year, month, day, and time a sample was taken. 
The date is written in the following format: YYMMDDHHMM. The 
date forms the prefix of the Date-Level key used by the sample 
database (MUD). 


Directive 
Character - A character on the input cards used by the DBM programs to 
identify the type of information coded on it. 
Empty =,Anvarivable isemptyoLt at issequall toa =—Ol0 (7 77TITTITITTTIIITITTITIB) - 
Key - A computer word that controls the processing of one or more 
records associated with the key. 
Level - A group of one to six records whose key is a level number. 


Ttevel Number 


A consecutive two digit number that is unique within a section. 
00 is always the level number for the first record of a section, 
and 99 is the level number for the last record in a section. 


Primary Key - A computer word (i.e. variable) that is used to order sections 
in a database. 


Record - A collection of parameters that are transmitted to and from the 
databases as a unit (i.e. each BUFFER OUT or BUFFER IN). A 
record can contain from one to many computer words. 


Section - A group of records, which may be organized into a smaller group 
of blocks, that are associated with a primary key. 


Variable - A computer word(s) associated with a specific class of data 
(e.g. salinity, temperature, NODC code, etc.), but whose value 
may change. 


Word - This refers to a string of 60 bits, which are manipulated by 
the computer, and can store data. 


ar 
This term pertains only to the Sample database (MUD). 
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IX. Summary of 4th Quarter Operations (Fish-Benthos, RU #6) 


A. Ship or Laboratory Activities 


1. Ship or field trip schedule. 
No field work was undertaken this quarter 


2. Scientific personnel. 


a. Andrew G. Carey, Jr. Principal Investigator 


Responsibilities: 


b. James B. Gish 


Responsibilities: 


c. Paul Montagna 


Responsibilities: 


d. R. Eugene Ruff 


Responsibilities: 


e. Paul Scott 


Responsibilities: 


Associate Professor 


coordination, evaluation, analysis, 
and reporting 


Research Assistant 


data management, statistical analysis. 

NB: Gish resigned from the position on 
9 March 1978; a search is underway for 

a replacement. 


Research Assistant 
sample processing, biomass measurements, 
harpacticoid copepod and crustacean 
systematics, and field collection. 

Research Assistant 
species list compilation, sample processing, 
reference museum curation, polychaete 
systematics, field collection, and laboratory 
Management. 


Research Assistant 


sample processing, data summary, molluscan 
systematics and sample collection. 


3. Methods: laboratory analyses. 


Laboratory methods have not been altered this quarter. The addition of 
a phase contrast compound microscope from a complementary NSF research program 
has greatly aided our identifications of invertebrate fauna. 


4. Sample localities 


Listed in previous reports. 


212 


5. Data collected or analyzed. 
a) Number and types of samples/observations. 
No samples were collected this quarter. 
b) Number and types of analyses. 
1. Animal density and biomass 


Saixmty—faveyiO. i a Smith-McIntyre grab samples from 
oCS-5 (August-September 1976) have been picked and sorted 
to major taxa in the laboratory. The biomass of major 
phyla was estimated by preserved, wet weights and is 
summarized in Tables 1-13. Animal densities for the 
sixty-five grab samples are listed in Tables 14-26. 


2. Pelecypod Molluscs 


All pelecypod molluscs from the OCS-2 cruise (March 1976) 
have been sorted to family. This material includes 36 grab 
samples from five stations between 25 and 100 meters. 
Representatives of sixteen pelecypod families were found. 
The results including counts for each family within a grab 
sample are listed in Table 27. Families represented by 
shells only are also noted. 


3. Polychaetous annelid worms. 


All polychaetes from the coastal samples (5-25 meters 
depth) collected on the 1976 R/V ALUMIAK cruise and the 
Pitt Point transect line across the shelf have been sorted 
to family. Specimens from the 125 grab samples from 25 
stations have been processed through this next stage of 
sorting and identification. The results including the 
number of individual specimens per family are summarized 
in Table, no's 28) through -32: 


4. Harpacticoid copepod crustaceans have been identified 
from 19 stations. These species and the abundance data are 
listed in Table 33. A total of 31 species have been identi- 
fied to date (see Table 34). 


6. Milestone chart and data submission schedule 


a. No changes in the schedules for research work and data 
transmission are anticipated. 


b. The 1977-78 laboratory schedule is shown in Figure l. 
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B. Problems encountered/recommended changes. 


The lack of time to work up the small macro-infauna from our samples 
continues to be a basic problem. Continuation of this objective for next 
contract year is recommended. 
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2 
Table 1] : Biomass, preserved wet weight in grams per 0.1 m from BRB-5 (OCS-5), 


collected on 19 August 1976. 


bie Total 
Grab Number “stan 
Group 1389 1390 11392 1393 1394 per m 
Anthozoa = = = = = = 
Sipuncula = = = = = = 
Annelida 298 322 -04 Aalal 235 3.40 
Arthropoda dk 7 204 AO - O2 =O spe 
Mollusca 302 =O) 202 E.On .04 20 
Echinodermata = - = - - = 
Misc. Phyla 04 34 -04 EO 2033. 292. 
TOTAL Sah a(sjal salle “lS ~43 504 
- = absence 
; : 2 
Table 2 : Biomass, preserved wet weight in grams per 0.1m 


(OCS-5), collected on 19 August 1976. 


100.0 


from BRB-10 


Grab Number TOtae : 

weigh of 
Group 1384 1385 1386 1387 1388 per m biomass 
Anthozoa = =26 = a = 2 lou 
Sipuncula = = = = = oe = 
Annelida pis) y/ Boe, ies) 225 -45 ACs) TS 
Arthropoda »\0)7/ 7105 45 03 -04 4.08 8.5 
Mollusca 2592 264 6.44 2a 1.14 32756 68.1 
Echinodermata - + + - - - - 
Misc. Phyla 54 26 34 238 pally) Sy ils} Gea 
TOTAL 4.40 558 862 355 Le 75 47.80 100.0 


+ = presence, not weighable 
absence 
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Table 3 : Biomass, preserved wet weight in grams per 0.1 a from BRB-15 
(OcS-5), collected on 19 August 1976. 


Grab Number Rew : 
weigh of 
Group 1377 1378 1379) ibexeul 1382 per m biomass 
Anthozoa = = IL Sys) = = 328 14.8 
Sipuncula - - - = = ~ a 
Annelida Se pla! -09 02 Ou: 390) 4.2 
Arthropoda 54 Sia Si/ - 06 375 0 «36 16.06 74.8 
Mollusca AO) Ou! 305 -47 -03 M22 yo 
Echinodermata al = aH = = 07 ap 
Misc. Phyla -O1 OS + + + -08 -4 
TOTAL -83 4.12 Sas) Be59 - 40 21.46 100.0 
+ = presence, not weighable 
- = absence 
; : 2 
Table 4 : Biomass, preserved wet weights in grams per 0.1 m from BRB-20 
(OCS-5), collected on 19 August 1976. 
Grab Number Tokat e 
weigh of 

Group SW PS TZ 1374 LBS 1376 per m biomass 
Anthozoa -28 = = a = +56 2.4 
Sipuncula = = = = = = = 
Annelida 5.04 239 sala -34 1.05 13.86 Beh ats) 
Arthropoda N62 5 AW} Iba(SS7/ glial 233 Bin iP 2473 
Mollusca 15.29 105 s3 a0 -06 S70 Sil: 
Echinodermata - = a = = = a 
Misc. Phyla 30/2 302 ALO }5) OS ~05 -34 1.4 
TOTAL Wee ASS) ANS) -50 1.49 23.58 100.0 
- = absence 
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Table 5 : Biomass, preserved wet weight in grams per 0.1 m from BRB-25 
(OCS-5), collected on 19 August 1976. 


Grab Number total : 

weight of 
Group 1365 1366 1367 1368 1369 per m biomass 
Anthozoa 6eD2 = -O1 - 38 = 13.82 11.4 
Sipuncula = = = - = = = 
Annelida 4.93 1.06 2ellG) 1.69 5 20.60 IEF} egal 
Arthropoda 8525 Sy Sul - 86 1.40 23 2950 23.6 
Mollusca 103 }5 7/0) 02 9.05 1.46 SiAG// 55.80 46.2 
Echinodermata -03 = = - = -06 Oe 
Misc. Phyla 49 Salal. = 205 Sei7/ 2.04 1.7 
TOTAL 331,92 4.70 A073 4.98 4.79 120.82 100.0 
- = absence 

: : : 2 
Table 6 : Biomass, preserved wet weight in grams per 0.1 m from PIB-5 
_(OCS-5), collected on 22 August 1976. 
Grab Number Hoe - 

weigh of 
Group 1419 1420 1421 1423 1424 per m biomass 
Anthozoa = = = = = = = 
Sipuncula = = =- = - = = 
Annelida nos - 60 -49 -84 eG 7.34 83752 
Arthropoda 203 347 -06 05 Oe 1.26 14.3 
Mollusca 208 = sO = +: -08 Ong 
Echinodermata - - + - - - - 
Misc. Phyla 02: -02 -02 -02 + -14 L216 
TOTAL 65) 1.09 aes! ao! 1218 8.82 100.0 
+ = presence, not weighable 


absence 
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2 
Table 7: Biomass, preserved wet weight in grams per 0.1 m_ from PIB-10 
(OCS-5), collected on 22 August 1976. 


Grab Number etal 

weigh of 
Group 1425 1426 1427 1429 1430 per m biomass 
Anthozoa = = Fe = o = = 
Sipuncula = = = = = = = 
Annelida sid 1/8 Ssiz/ sal f A..20 8.98 5Omy 
Arthropoda -04 .04 -03 =0)7/ Bly -60 3.4 
Mollusca Say) = 190 Wl = 10 7.82 44.2 
Echinodermata + - - - - - - 
Misc. Phyla sO7/ Ou: 04 02 .O1 530) IES 4 
TOTAL Mey) a7 2.84 1.98 2.03 TEI) 100.0 
+ = presence, not weighable 
- = absence 

: 4 : 2 
Table 8 : Biomass, preserved wet weight in grams per 0.1m from PIB-15 
(OCS-5), collected on 22 August 1976. 
Grab Number ees i 

weigh of 
Group 1432 433 1434 1435 1436 per m biomass 
Anthozoa = = = = = = = 
Sipuncula - = - - - - - 
Annelida OD 35165 1.20 ial -61 17.00 12-8 
Arthropoda SPAS) me Bs! 5 0)7) 28 Sls) ee. 128 
Mollusca 4.71 10'.24 5.10 Or: 11.44 81.40 61.6 
Echinodermata BO? a2 04 -08 = Soe 4 
Misc. Phyla 274 Dei Sasi 3527 Brg 31760 23129) 
TOTAL 7.68 16.87 223 13.86 15.43 132.24 100.0 
- = absence 
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Table 9 : Biomass, preserved wet weights in grams per 0.1 ae from BAB-5 
(OCS-5) collected on 3 September 1976. 


Grab Number whee x 

weight, of 
Group 1479 1480 1481 1482 1483 per m biomass 
Anthozoa = = = = - = = 
Sipuncula = = = = = = 
Annelida .86 es Ua 258 as} -96 122210 Bh a6) 
Arthropoda 04 Deeeyl -92 -69 5 OS ez 62 552 
Mollusca = .26 202 FOZ - -60 158 
Echinodermata - - - - - - - 
Misc. Phyla 102 Ou -04 205 .79 i=e82 you! 
TOTAL 292 4.65 1.56 2.94 6.80 33274 100.0 
- = absence 


2 
Table 10: Biomass, preserved wet weights in grams per 0.1m from BAB-10 
(OCS-5), collected on 3 September 1976. 


Grab Number Hote! A 

weigh of 
Group 1473 1475 1476 1477 1478 per m biomass 
Anthozoa = = = = = = = 
Sipuncula = = = = = = = 
Annelida ae eS) Sky -47 Bow, E26 5.44 46.1 
Arthropoda 06 Out FO) -03 -04 -48 4.1 
Mollusca Oe 26 a ae) -64 BO 4.64 BUF 
Echinodermata = = = = = = = 
Misc. Phyla ~24 205 eel) e0)s' eS e24 VOLS 
TOTAL P67 249 r=30 es} OF, Ti eO 100.0 
- = absence 
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Table 11: Biomass, preserved wet weights in grams per 0.1 me from BAB-15 


(OCS-5), collected on 31 August 1976. 


Grab Number None be 

weigh of 
Group NAGS U468 1469 1470 1471 per m biomass 
Anthozoa 1.25 = = -O1 07 2.66 3.5 
Sipuncula = + = -03 - - 06 0.1 
Annelida s:9/2 1.63 1.93 IE SAAS) ee? 15.70 20.8 
Arthropoda -14 -08 -06 - 06 103, 74 1.0 
Mollusca 55 3107, 1.24 6.50 1.46 27.64 36.6 
Echinodermata = -04 + + Oz ple 0.2 
Misc. Phyla -03 3.16 6.30 4.26 Bs) 28.56 37.8 
TOTAL 4.89 7.98 9.53 alazelal B23 75.48 100.0 
+ = presence, not weighable 
- = absence 

: ; 2 
Table 12: Biomass, preserved wet weights in grams per 0.1m’ from BAB-20 
(OCS-5), collected on 31 August 1976. 
an % 
Grab Number age 

weigh of 
Group 1461 1462 1463 1464 1466 per m biomass 
Anthozoa = = = -81 = 162 Byene 
Sipuncula - + i 302 =e 04 Oj al 
Annelida as} - 20 eZ 2533 2582 2:58 8953 
Arthropoda eHll2 5 AUS) aay) alt Salil 1.44 4.5 
Mollusca a7 Bake) ol2 1.60 1.63 7.42 232 
Echinodermata ye) + + - 322 50. 4.7 
Misc. Phyla 08 2.44* 208 zk 94 7.40 23eel 
TOTAL 1.63 3302 “DD 5.08 572 32.00 100.0 


+ = presence, not weighable 
= absence 
*Biomass biased by rare, large specimen 
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Table 13: Biomass, preserved wet weights in grams per 0.1 me from BAB-25 


(OCS=5) 7; 


Group 


Anthozoa 
Sipuncula 
Annelida 
Arthropoda 
Mollusca 
Echinodermata 
Misc. Phyla 


TOTAL 


= absence 


collected on 31 August 1976. 
Grab Number 
1455 1456 1457 
1.46 2238 09 
-05 -08 -10 
225 sist a teh 
sele2 308 Oi! 
-03 BOS Soul 
ab Sisjal 3.33 OZ 


1459 


et 
-14 
AO) 
-10 
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Table 27: Counts of individual specimens in each family of pelecypod molluscs 
from OCS-2, collected in March 1976. * Denotes presence of shell only. 


STATION: PPB-25 


Count of 
Grab Number Family live specimens 

1103 Nuculanidae * 
Pandoridae 3 

Nuculidae BS 

Veneridae o 

Tellinidae Bs 

0 

1104 Nuculanidae 2) 
Thyasiridae 4 

Nuculidae ilé 

Pectinidae ui 

Lyonsiidae es 

Veneridae i 

Cardiidae * 

G7, 

EOS Nuculanidae 6 
Thyasiridae 3 

Pandoridae 

Nuculidae * 

Cardiidae * 

Myidae vi 

9 

1106 Nuculanidae iL 
Nuculidae a 

al 

TVOF, Nuculidae 3 
Thyasiridae ak 

Nuculanidae te 

Cardiidae * 

Tellinidae * 

Myidae fa 

4 

STATION: PPB-40 

TTS Nuculanidae 3} 
Thyasiridae 2 

Lyonsiidae Al 

Nuculidae * 

Astartidae ts 

Tellinidae * 

6 
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Table 27: (continued) 


STATION: PPB-40 (cont.) 


Grab Number 


1116 


HAA) 


1118 


Talay) 


1120 


STATION: PPB-55 


EAA 


Family 


Thyasiridae 
Tellinidae 
Nuculidae 
Nuculanidae 
Pectinidae 


Thyasiridae 
Nuculidae 
Nuculanidae 
Tellinidae 
Astartidae 
Pectinidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Pectinidae 


Nuculanidae 
Astartidae 


Nuculidae 
Thyasiridae 
Nuculanidae 
Astartidae 
Tellinidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Pectinidae 
Mytilidae 
Veneridae 
Hiatellidae 
Pandoridae 
Cardiidae 
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Count of 


live specimens 


ble + F FF FF 
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Table 27: (continued) 


STATION PPB=5 5-5 (conis) 


Grab Number 


122 


123, 


1124 


Je 5 


1126 


Family 


Nuculidae 
Nuculanidae 
Astartidae 
Pectinidae 
Cardiidae 
Pandoridae 
Veneridae 
Tellinidae 
Carditidae 
Lyonsiidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Pectinidae 
Cardiidae 
Pandoridae 
Carditidae 
Veneridae 
Mytilidae 


Nuculanidae 
Astartidae 
Pectinidae 
Veneridae 


Nuculanidae 
Astartidae 
Nuculidae 
Carditidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Pectinidae 
Cardiidae 
Veneridae 
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live specimens 
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Table 27: (continued) 


STATION: PPB-55 (cont.) 


Grab Number 


ALT) 


1128 


TELS 


alaesio) 


STATION: PPB-70 


1108 


Family 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Veneridae 
Pectinidae 
Cardiidae 
Pandoridae 


Nuculidae 
Nuculanidae 
Astartidae 
Pectinidae 
Cardiidae 
Tellinidae 
Veneridae 


Nuculanidae 
Astartidae 
Carditidae 
Nuculidae 
Tellinidae 
Pectinidae 
Cardiidae 
Veneridae 
Mytilidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Veneridae 
Carditidae 
Pandoridae 
Mytilidae 


Nuculidae 
Nuculanidae 
Pectinidae 
Cardiidae 
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Count of 


live specimens 


— 


NS) 
Ol* * + * * *eP BH O]l* * * + * + Ol * NPA BP 
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Table 27: (continued) 


STATION: PPB-70 (cont.) 


Grab Number 


1108 


1109 


I LILA) 


uaa 


1114 


(cont.) 


Family 


Astartidae 
Mytilidae 


Lyonsiidae 


Pandoridae 
Tellinidae 
Veneridae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Pectinidae 
Cardiidae 
Pandoridae 
Mytilidae 
Veneridae 


Nuculidae 
Nuculanidae 
Astartidae 
Pectinidae 
Cardiidae 
Thraciidae 
Lyonsiidae 
Veneridae 
Myidae 
Tellinidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Cardiidae 
Pandoridae 
Lyonsiidae 
Hiatellidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Pectinidae 
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Table 27: (continued) 
STATION: PPB-70 (cont.) 


Grab Number 
1A (cont. 


STATION: PPB-100 


qealeyil 


1ar3.2 


1133 


1134 


1135 


1136 


Family 


Cardiidae 
Mytilidae 
Hiatellidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Thyasiridae 
Pectinidae 
Mytilidae 
Veneridae 
Hiatellidae 
Carditidae 


Nuculidae 
Astartidae 
Tellinidae 
Thyasiridae 


Nuculidae 
Astartidae 
Pectinidae 
Veneridae 
Carditidae 


Nuculanidae 
Astartidae 
Thyasiridae 


Nuculidae 
Nuculanidae 
Astartidae 
Veneridae 
Carditidae 


Nuculidae 
Astartidae 
Veneridae 
Nuculanidae 
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Table 27: (continued) 


STATION PPB-100 (cont.) 


Grab Number 


15137 


1138 


139 


1140 


Family 


Nuculidae 
Nuculanidae 
Astartidae 
Veneridae 
Carditidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Veneridae 
Malletidae 


Nuculidae 
Nuculanidae 
Astartidae 
Tellinidae 
Mytilidae 
Lyonsiidae 
Veneridae 
Cardiidae 


Nuculidae 
Nuculanidae 
Astartidae 
Thyasiridae 
Carditidae 
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Table 28: Polychaete totals by family from grab samples taken off Barrow, 
Alaska. Five Smith-McIntyre grabs were obtained at each station, 
and the counts represent 0.5 m’ of ocean bottom. The station 
designations are indicative of the water depth in meters. 


BRB BRB BEB BRB BRB 
2) 10 15 20 25 
AMPHARETIDAE : 6 alk3 7 ays) 
APISTOBRANCHIDAE: 
CAPITELLIDAE : 13 47 3 7, 36 
CHAETOPTERIDAE 
CIRRATULIDAE 5 14 24 2 9 18 
COSSURIDAE : al 
DORVILLETDAE : al 4 
FLABELLIGERIDAE : 1 70 2 2 
GONIADIDAE ‘ 
HESIONIDAE : 51 1 ya 
LUMBRINERIDAE : 1 1 
MAGELONIDAE : 1 
MALDANI DAE 
NEPHTYIDAE g 81 38 6 158 44 
NEREIDAE 2 
ONUPHIDAE 3 
OPHELIIDAF : a! 
ORBINIIDAE 2 ay 30 a 2 2 
VENIIDAE : 
PARAONIDAE & ale 
PECTINARTIDAE : 6 BIO) 175 244 173 
PHYLLODOCIDAE : 18 45 7 19 48 
POLYNOIDAE : 5 7 14 aly} 24 
SABELLIDAE : 12 10 
SCALIBREGMIDAE : Al 
SERPULIDAE & 
SIGALIONIDAE : 4 2 ak 25 
SPHAERODORIDAE 
SPINTHERIDAR 
SPIONIDAE B 215 33 9 24 58 
STERNASPIDAE 5 4 2 
SYLLIDAE 4 4 4 
TEREBELLIDAE : 2 
TRICHOBRANCHIDAE: 4 AL 
TROCHOCHAETIDAE : 
unidentified 
TOTALS : 440 1493 226 492 467 
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Table 29: Polychaete totals by family from grab samples taken off Pitt 
Point, Alaska. Five Smith-McIntyre graks were obtained at each 
station, and the counts represent 0.5 m of ocean bottom. The 
station designations are indicative of the water depth in meters. 


PPB PPB BEB PPB 
5 10 ab) 20 
AMPHARETIDAE B 296 2 5 
APISTOBRANCHIDAE: 5) 1 i 
CAPITELLIDAE ; 35 26 alal 38 
CHAETOPTERIDAE 
CIRRATULIDAE : 40 59 2 18 
COSSURIDAE 2 al 4 8 
DORVILLEIDAE 10 
FLABELLIGERIDAS : al 
GONIADIDAE : 
HESIONIDAE : P2 5 
LU BRINERIDA# : 
MACELONIDAL . 
“ALDANIDAE Q al 1 
NEPHTYIDAE 1 2 i 9 
NEREIDAE 7 
ONUPHIDAE 
OPHELIIDAE : ak al! 2 
ORBINIIDAE 2 243 20 
OWENIIDAE 2 
PARAONIDAE 5 13 8 28 
PECTINARIIDAE . 4 
PHYLLODOCIDAE 2 39° 16 2 4 
POLYNOIDAE : 4 4 
SABELLIDAE : 185 142 
SCALIBREGMIDAE : 6 
SERPULIDAE ‘ 
SIGALIONIDAE : alg} 1 
SPHAERODORIDAE : 98 3 ul 
SPINTHERIDAE : 
SPIONIDAE c 769 70 243 19 
STERNASPIDAE : 6 al 
SYLLIDAE : al ae alt 
TEREBELLIDAE : 4 24 at 
TRICHOBRANCHIDAE: alopk 14 
TROCHOCHAETIDAE : 2 
unidentified 
TOTALS Q 1892 415 283 T52 
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Table 29: Polychaete totals by family from grab samples taken off Pitt 

(cont.) Point, Alaska. Five Smith-McIntyre grabs were obtained at each 
station, and the counts represent 0.5 m of ocean bottom. The 
station designations are indicative of the water depth in meters. 


PPB PPB PPB PPB PPB 
25 40 55 70 100 

AMPHARETIDAE : 2 27 101 59 33 
APISTOBRANCHIDAE: 36 4 7 15 
CAPITELLIDAE : 1 54 49 12 180 
CHAETOPTERIDAE : 33 
CIRRATULIDAE : 52 125 68 105 164 
COSSURIDAE : 22 al 57 
DORVILLFIDAE : al 10 15 10 6 
FLABELLIGERIDAE : a Al 26 1 
GONIADIDAE : 6 1 
HESIONIDAE : 2 5 20 6 
LUMBRINERIDAE : 4 38 45 53 119 
MAGELONIDAE : 6 
MALDANIDAE : 1 115 Ad 27 2D 
NEPHTYIDAE : 66 14 D3 31 201 
NEREIDAE : 
ONUPHIDAE : 38 25 2 42 
OPHELIIDAE : 8 2 26 6 7 
ORBINIIDAE : 2 14, 6 64 
OWENIIDAE : 1 51 35 102 
PARAONIDAE : 65 sla The] 45 97 
PECTINARIIDAE : Z 2! 
PHYLLODOCIDAE : 12 Dil Wd 14 
POLYNOIDAE : 2 12 20 12 q 
SABELLIDAE : 4 49 97 158 15 
SCALIBREGMIDAE : g) 6 
SERPULIDAE : 2 
SIGALIONIDAE : al 34 sel, 199 60 
SPHAERODORIDAE : ly 6 6 8 
SPINTHERIDAE : a 
SPIONIDAE : 15 66 120 267 22 
STERNASPIDAE : 46 12 2 
SYLLIDAE : of 13 26 31 5 
TEREBELLIDAE : 14 q NG 31 5 
TRICHOBRANCHIDAE: alg 120 78 We 
TROCHOCHAETIDAE : 1 3) 2 
unidentified 

TOTALS : 358 787 1139 1234 1231 
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Table 30: Polychaete totals by family from grab samples taken off Pingok 
Island, Alaska. Five Smith-McIntyre grabs were obtained at each 
station, and the counts represent p.5 m of ocean bottom. The 
station designations are indicative of the water depth in meters. 


PIB PIB PIB 
5 10 15 
AMPHARETIDAE : 22 ial 158 
APISTOBRANCHIDAE: 1 
CAPITELLIDAE : 6 26 15 
CHAETOPTERIDAE : 
CIRRATULIDAE : 55 75 16 
COSSURIDAE : 39 
DORVILLEIDAE : 3 4 
FLABELLIGERIDAE : 8 
GONIADIDAE : 
HESIONIDAE : a7, 
LUMBRINERIDAE 
MAGELONIDAE : 
MALDANIDAE : 123 al 
NEPHTYIDAE : 18 43 1 
NEREIDAE : 
ONUPHIDAE : 
OPHELIIDAE : 4 
ORBINIIDAE : 25 ) 
OWENIIDAE : 
PARAONIDAE : 2 1 
PECTINARIIDAE 
PHYLLODOCIDAE 9 23 7, 
POLYNOIDAE : 4 1 
SABELLIDAE : 16 212 33 
SCALIBREGMIDAE : 5 1 
SERPULIDAE : a 
SIGALIONIDAE : 29 
SPHAERODORIDAE a 127 16 
SPINTHERIDAE : 
SPIONIDAE : 43 2369 322 
STERNASPIDAE : 4 7 
SYLLIDAE : 
TEREBELLIDAE : 
TRICHOBRANCHIDAE: 2 5 % 
TROCHOCHAETIDAE : 
unidentified : 1 
TOTALS 399 2948 572 
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Table 31: Polychaete totals by family from grab samples taken off Narwhal 
Island, Alaska. Five Smith-McIntyre grabs were obtained at each 
station, and the counts represent 0.5 m of ocean bottom. The 
station designations are indicative of the water depth in meters. 


NIB NIB NIB 
5 10 15 
AMPHARETIDAE : 35 385 nvA 
APISTOBRANCHIDAE: 1 
CAPITELLIDAE : 37 9 24 
CHAETOPTERIDAE : 
CIRRATULIDAE 5 29 90 87 
COSSURIDAE : 
DORVILLEIDAE : 5 2 19 
FLABELLIGERIDAE : 5 g 10 
GONIADIDAE : 
HESIONIDAE 5 130 25 16 
LUMBRINERIDAE 1 
MAGELONIDAE g 
MALDANIDAE : 3 5 20 
NEPHTYIDAE : 2 24 
NEREIDAE 
ONUPHIDAE : 
OPHELIIDAE q 3 9 
ORBINIIDAE g 2 5 
OWENTIIDAE 
PARAONIDAE 1 
PECTINARIIDAE : 
PHYLLODOCIDAE 2 25 26 
POLYNOIDAE z 2 5 5 
SABELLIDAE : 79 8 15 
SCALIBREGMIDAE : y) 45 4 
SERPULIDAE 
SIGALIONIDAE 9 
SPHAERODORIDAE : 15 1 
SPINTHERIDAE : 
SPIONIDAE e 249 752 47 
STERNASPIDAE 
SYLLIDAE 5 8 
TEREBELLIDAE 5 11 P 
TRICHOBRANCHIDAE : 32 37 5 
TROCHOCHAETIDAE : 
unidentified : 1 
TOTALS 2 624 1426 352 
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Table 32: Polychaete totals by family from grab samples taken off Barter 
Island, Alaska. Five Smith-McIntyre grabs were obtained at each 
station, and the counts represent 0.5 m of ocean bottom. The 
station designations are indicative of the water depth in meters. 


BAB BAB BAB BAB BAB 
5 10 al) 20 25 
AMPHARETIDAE 8 22> 40 2 48 al 
APISTOBRANCHIDAE: 10 16 90 2 
CAPITELLIDAE S 20 13 38 75 43 
CHAETOPTERIDAE 
CIRRATULIDAE E PA) 32 168 332 43 
COSSURIDAE : zal 6 
DORVILLEIDAE : 3 3 72 19 3 
FLABELLIGERIDAE : 3 42 aly ss: 5 
GONTADIDAE 
HESIONIDAE : D) AL 88 54 4 
LUMBRINERIDAE : al 1 
MAGELONIDAE : 
MALDANIDAE : al 125 49 1 
NEPHTYIDAE : 18 143 151 14 
NEREIDAE : 
ONUPHIDAE : al 
OPHELIIDAE : 7 47 14 
ORBINIIDAE : 117 16 2 17 4 
OWENIIDAE : 
PARAONIDAE 5 ak 2D 79 
PECTINARIIDAE : 1 , 
PHYLLODOCIDAE : 8 aly 15 7 7 
POLYNOIDAE : 3 6 2) 5 
SABELLIDAE : 128 20 14 
SCALIBREGMIDAE : 7 3 6 
SERPULIDAE : 
SIGALIONIDAE : 6 20 3 
SPHAERODORIDAE : 137 4 3 
SPINTHERIDAE 
SPIONIDAE 4 2oe 365 167 21 aly, 
STERNASPIDAE : 16 
SYLLIDAE : Al 1 3 
TEREBELLIDAE : 3 4 3 
TRICHOBRANCHIDAE: 11 18 7 21 alt 
TROCHOCHAETIDAE : 
unidentified : 14 6 
TOTALS 3 940 yal 979 1301 174 
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Table 


33: 


Cruise 


ocs-1 
Oct. 


OCS-2 
Mar. 


iS 


"76 


Station 


PPB-55 


PPB-100 


PPB=25 


PPB=25 


PPB-55 


PPB-70 


PPB-100 


Species 


Tisbe furcata 
Harpacticus superflexus 


Pseudocervinia magna 
Typhlamphiascus lamellifer 


Halectinosoma neglectum 
Total 


Tisbe furcata 
Halectinosoma neglectum 


Pseudocervinia magna 
Paranannopus echinipes 
Harpacticus superflexus 


Typhlamphiascus lamellifer 
Danielssenia fusiformis 
Thalestris figida 
Bradya typica 

Total 


Pseudocervinia magna 


Paramphiascopsis giesbrechti 


Pseudocervinia magna 
Paramphiascopsis giesbrechti 
Harpacticus superflexus 
Thalestris frigida 


Halectinosoma neglectum 
Total 


Pseudocervinia magna 
Bradya typica 
Halectinosoma neglectum 


Total 


Pseudocervinia magna 
Paramphiascopsis giesbrechti 
Bradya typica 


Typhlamphiascus lamellifer 


Parathalestris jacksoni 
Paranannopus echinipes 


Cervinia synarthra 
Total 
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Harpacticoid copepods found during seasonal sampling of the 
Pitt Point transect. 


Table 33: (continued) 


Cruise Station 
©OCS=3 PPB-25 
May '76 
PPB-40 
PPB-55 
PPB-70 
PPB-100 
ocs-4 PPB-25 
Aug. '76 
PPB-55 
PPB-70 
PPB-100 


Species 


Pseudocervinia magna 


Paramphiascopsis giesbrechti 


Total 


Typhlamphiascus lamellifer 
Halectinosoma neglectum 
Total 


Pseudocervinia magna 


Paramphiascopsis giesbrechti 


Bradya typica 
Paranannopus echinipes 
Argestes mollis 
Eurycletodes arcticus 
Eurycletodes serratus 
Halectinosoma neglectum 
Zaus sp. A 

Zosime sp. A 


Total 


Paramphiascopsis giesbrechti 


Pseudocervinia magna 
Typhlamphiascus lamellifer 
Sarsameira elongata 

Total 


Paranannopus echinipes 

Paramphiascopsis giesbrechti 

Pseudocervinia magna 

Bradya typica 

Eurycletodes arcticus 

Halectinosoma neglectum 
Total 


Pseudocervinia magna 


Paranannopus echinipes 
Pseudocervinia magna 
Harpacticus superflexus 
Typhlamphiascus lamellifer 
Total 


Harpacticus superflexus 


Harpacticus superflexus 
Paranannopus echinipes 
Pseudocervinia magna 


Paramphiascopsis giesbrechti 


Bradya typica 
Proameira dubia 
Total 
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Table 33:(continued) 


Cruise Station 
OCS-6 PPB-55 
Nov. '76 
PPB- 70 
PPB-100 


Species 


Paranannopus echinipes 


Harpacticus superflexus 


Zaus sp. A 
Total 


Pseudocervinia magna 


Harpacticus superflexus 


Mota! 


Paranannopus echinipes 
Pseudocervinia magna 
Total 


25 


Table 34: Updated List for the Beaufort Sea Harpacticoida (Copepoda), 
31 species found. 


Ameiridae 
Proameira dubia (Sars, 1920) 
Sarsameira elongata (Sars, 1909) 


Cerviniidae 
Cervinia bradya Norman, 1878 
Cervinia synarthra Sars, 1903 
Pseudocervinia magna (Smirnov, 1946) 


Cletodidae 
Angestes mollis Sars;. L910 
Eurycletodes arcticus Lang, 1936 
Eurycletodes serratus Sars, 1920 
Mesocletodes monensis (1I.C. Thompson, 1893) 
Paranannopus echinipes Smirnov, 1946 


Diosaccidae 
Amphiascus propingvus Sars, 1906 
Paramphiascella fulvofasciata Rosenfield and Coull, 1975 
Paramphiascopsis giesbrechti (Sars, 1906) 
Stenhelia proxima Sars, 1911 
Stenhelia nuwukensis M.S. Wilson, 1965 
Stenhelia sp. B 
Stenhelia sp. C 
Typhlamphiascus lamellifer (Sars, 1911) 


Ectinosomidae 
Bradya confluens Lang, 1936 
Bradya typica Boeck, 1872 
Halectinosoma neglectum (Sars, 1940) 
Halectinosoma sp. A 


Harpacticidae 
Harpacticus superflexus Willey, 1920 
Harpacticus uniremis Kroyer, 1842 
Zaus sp. A 


Tachidiidae 
Danielssenia fusiformis (Brady and Robertson, 1875) 
Thompsonula hyaenae (I.C. Thompson, 1889) 


Thalestridae 
Parathalestris jacksoni (T.Scott, 1898) 
Thalestris frigida T. Scott, 1898 


Tisbidae 
Tisbe furcata (Baird, 1837) 
Zosime sp. A 
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Annual Report 


RU 19 
Apr 77 - Mar 78 
Two pages 


FINFISH RESOURCE SURVEYS IN NORTON SOUND AND KOTZEBUE SOUND 


Principal Investigator 


LOUIS H. BARTON 
Alaska Department of Fish and Game 
Commercial Fisheries Division 
333 Raspberry Road 
Anchorage 


March 1978 


i: 


Task Objectives 


The objectives of this research unit are to: 

1) Determine the spatial and temporal distribution, species 
composition and relative abundance of finfishes in the coastal 
waters of Norton Sound and Kotzebue Sound east of 166 Degrees 
West Longitude. 

2) Determine the timing and routes of juvenile salmon migrations 
as well as examine age and growth, relative maturity and food 
habits of important species in Norton Sound and Kotzebue Sound 
east of 166 Degrees West Longitude. 

3) Determine the spatial and temporal distribution and relative 
abundance of spawning populations of herring and other forage 
fish within the study area. 

4) Monitor egg density, distribution and development and document 
types of spawning substrates of herring and other forage fish 
species. 

5) Monitor local resident subsistence utilization of the herring 


fishery resource. 


Field Activities 


A brief summary of results for the 1977 field season has been 
provided in the OCS quarterly reports submitted in July, September 
and December. Detailed analysis and discussion of these results is 
being prepared in the project completion report due September 30, 
1978. Activities this past quarter (January through March) have 
been associated entirely with drafting of this latter report, with 
the exception of a single winter trip. A trip was made in March, 


1978 to the Port Clarence area where gillnets were set under the 
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ite 


IV. 


ice in order to obtain winter herring samples for AWL analysis. 


Results and Preliminary Interpretation 


No species of fish were captured during the winter sampling trip to 
Port Clarence in March, 1978. As stated, results of the 1977 
season will be presented in the project completion report. A first 
draft of this report was about 50 percent completed by the end of 


this quarter. 


Problems and Changes 


None during this quarter. Problems experienced in the 1977 field 


season will be included in the project completion report. 


Estimate of Funds Expended 


A balance of approximately $35,000 remains for RU 19 studies. 
These monies will cover salaries needed to finalize the project 
completion report. A limited amount will be used for printing 


costs and computer time. 
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ANNUAL REPORT 


Contract No. 

Research Unit #78 

Reporting Period-April 1, 1978-March 31, 1978 
Number of Pages - 161 


BASELINE/RECONNAISSANCE CHARACTERIZATION 
LITTORAL BIOTA, GULF OF ALASKA AND BERING SEA 


by 


Charles E. O'Clair* 
Joyce L. Hanson 
John S. MacKinnon 
Jessica A. Gharrett 
Natasha I. Calvin 
Theodore R. Merrell, dr. 


Northwest and Alaska Fisheries Center Auke Bay Laboratory 
OUTER CONTINENTAL SHELF ENERGY ASSESSMENT PROGRAM 
Sponsored by 
U.S. Department of the Interior 
Bureau of Land Management 


April 1, 1978 


* Dr. S.T. Zimmerman was principal investigator during the planning 
and execution of the sampling program. 
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I. Summary of objectives, conclusions and implications with respect to 
OCS 011 and gas development. 

Our objective here is to describe the distribution and relative abundance 
patterns of littoral plants and invertebrates at representative sites in the 
eastern Gulf of Alaska. Eighteen sites were chosen for study. In addition 
we examined, insofar as the data permit, those factors which are likely to 
play important roles in structuring intertidal communities. Since biological 
interactions have been shown to be important to community organization we look 
for evidence of key interactions among our general field observations and 
attempt to evaluate their role in structuring the communities. 

Understanding how communities are organized is important for predicting the 
effects of oi] and gas development on community composition and on the dynamics 
of all populations in the community because the impact of oi] on a population 
will depend not only on the susceptibility of individuals in that population to 
oil toxicity but also on the effect of oil on predators or competitors of those 
individuals. 

Although physical disturbance such as movement of boulders at exposed sites 
with extensive boulder fields and ice scouring may be of overriding importance 
to community structure in some localities (e.g. Ocean Cape and Cape Yakataga) 
our studies did not adequately assess the role of biological interactions in 
controlling that structure. 

Within the limitations of our data we examine the role of an important 
interaction in intertidal communities, competition for space, especially competition 
among dominant competitors and accompanying effects on subdominants. Our data 
indicate that total species richness tends to be greater in patches of intertidal 


area dominated by Mytilus edulis than in patches dominated by Fucus distichus, 
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and that the difference is accounted for by increased species richness of small 
subdominants in Mytilus dominated areas. Mytilus does not appear to have a greater 
adverse effect on competitively inferior large subdominants than does Fucus. 

The use of multispectral scanning as a technique for mapping the distribution 
of intertidal macrophytes needs further evaluation. Successful evaluation will 
require the simultaneous collection of data by multispectral scanning of 
intertidal areas with adequately marked algal zones and by observers on the 


ground. 
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II. Introduction 
A. General nature and scope of study 

The first study of the local distributuion of intertidal organisms in a 
locality north of Vancouver Island in the North Pacific was that of Gurjanova 
(1935; see also Gurjanova 1966) on Be ing Island in the Commander Islands. 

Hers was the only published study on the ecology of intertidal species assemblages 
in this region until that of Nybakken (1969). Since Nybakken there have been 

a number of studies of intertidal species assemblages at various localities mostly 
in southeastern and southcentral Alaska. With the exception of Haven's (1971) 
study of the effects of an unplanned experiment in Prince William Sound all these 
studies have been descriptive. Feder and Mueller (1972) review them (for recent 
additions to the list see Zimmerman et al. 1978). 

B. Specific objectives 

Here we describe the patterns of distribution and abundance of littoral 
plants and invertebrates at 18 sites in the Eastern Gulf of Alaska based on 
sampling conducted there in spring, summer, and early fall from 1974 through 
1976. In addition we evaluate multispectral scanning (MSS) as a technique for 
mapping the distribution and estimating the abundance (areal coverage) of 
littoral macrophytes. Finally we examine species richness and the species-abundance 
relations among organisms in patches of intertidal area dominated either by Mytilus 
edulis or Fucus distichus to gain insight into the mechanisms that structure the 
intertidal community at upper levels. 

Other aspects of our research in the eastern Gulf of Alaska are published 
elsewhere. Sears and Zimmerman (1977) provide maps of the general physical 
composition (e.g. bedrock, boulder, sand, etc.), slope, and biological cover of 
beaches from Yakutat to the southern Kenai Peninsula excluding most of Prince 
William Sound. Palmisano (in preparation; see also Appendix 1 of Zimmerman and 


Merrell 1976a) examines the composition and rates of accumulation of marine 
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organisms in the high tidal zone (drift zone) on three beaches in the eastern 
Gulf of Alaska. 
C. Relevance of the Study to Petroleum Development 

In a recent report on the effects of organic contaminants on ecosystem 
processes prepared for the National Science Foundation by the Institute of 
Ecology Neuhold and Ruggerio (1976) stress the importance of understanding 
species interactions for predicting the effect of a given toxicant on an 
ecosystem. They conclude that "one of the largest gaps in our present knowledge 
concerns species interactions". Others have questioned traditional approaches 
to the study of the effects of toxicants, enrichment, and habitat disruption 
on benthic ecosystems, and have expressed the need for information on how species 
interact as fundamental to these studies (Lewis 1972, Spight 1976, and Gray 1976). 
Pollution by oil and oil dispersants has been shown to produce major changes in 
the abundances of algae and invertebrates indirectly by temporarily eliminating 
herbivores (North et al. 1964, Smith 1968, Nelson-Smith 1972) which ultimately 
can delay recolonization for up to 9-10 years (Southward and Southward 1978). 
In these studies the most important effect of oil and oil dispersants was the 
temporary reduction of a key biological interaction, herbivory by limpets and 
urchins. 
III. Current State of Knowledge 

There are three ways to measure the role of biological interactions. We 
relate them briefly here. See Connell] (1975) for a fuller discussion. The first 
is through controlled field experiments. This is the best approach provided 
that a proper control can be established because it allows one to alter the 
abundances of the species involved in the interaction while permitting other 
environmental factors to vary naturally. 

The second approach involves the study of "natural experiments". This is 
appropriate in situations where a key species may be present in a particular 
community in one locality but absent in a nearby locality. The main disadvantage 
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of this approach is that it lacks a control. It is extremely unlikely that 
important aspects of the environment are identical at both localities except 
for the absence of one species 

The third approach is to describe the pattern that exists in a community 
at one or more points in time and see whether or not it fits the predictions 
of the model. This is the least desirable of the three approaches, but it can 
detect patterns which may suggest hypotheses to test. 

The descriptive approach which typically characterizes baseline studies 
(the present one included) almost inevitably restricts the choices among the 
three approaches to the description of pattern in the community. Here we 
consider patterns of abundance of individuals among species at upper levels in 
the intertidal community and try to explain them on theoretical grounds. 
IV. Study Areas 

The geographical area included in this report is that section of the coast 
of Alaska bordering the Gulf of Alaska from Yakutat (lat. 59° 32'N, long. 139° 51'W) 
to Port Dick (lat. 59° 13'N, long. 151° O1'W) near the southern tip of the 
Kenai Peninsula (Fig. 1). Five types of beaches based on substratum were 
designated for study. Figure 2 shows the general distribution of these beaches 
within the study area. Half of the study sites were on beaches composed mostly 
of bedrock, about 1/4 on sand beaches and the rest on bolder or mud beaches 
(Table 1). A detailed description of each site is included in the results 
section below. 
V. Methods 

The sampling methods that we used in the eastern Gulf of Alaska were similar 
to those of Zimmerman et al. (1978). We review them briefly here. 

Transect lines. 

Transect lines were used for systematic sampling of populations of intertidal 


organisms at regular intervals along their vertical distributions. The lines 
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were laid roughly perpendicular to the shoreline usually from the level of 
mean high water or above (Table 1) to the water's edge at low tide. The 
number of lines at each site depended on the slope, width, and biological 
homogeneity of the beach (Table 1). 


On bedrock and boulder beaches sampling frames 1/16 m@ 


in size were placed 
at regular intervals along the transect line. The area within each frame was 
photographed to obtain the coverage of obvious organisms (visual estimates of 
this coverage were often made as well), and then the plot was scraped to bare 
rock and the organisms bagged and fixed in 10% formalin. 

At sandy and muddy sites a 1 liter (10 cm on a side) corer was used to sample 
epi- and infaunal organisms on the transects. Often the substrate was sampled 
at two depths, 0 to -10 cm and -10 to -20 cm depending on the fluidity of the 
substrate, the presence and location of a reduction layer and the likely presence 
of macroscopic organisms as determined by taking shovelfuls of sand or mud and 
sieving it through a 1 mm screen. Two pairs of replicate samples were often 
collected from each point on the transect line. Larger areas were dug with 
shovels to estimate the relative abundance of larger less numerous organisms. 

Arrow method. 

The "arrow" sampling method (developed by R. Myren) is a random sampling 
method used primarily on vertical or near vertical surfaces such as the sides 
of large boulders and rock outcrops. With this method a facsimile of the area 
to be sampled and the general pattern of distribution of dominant organisms was 
sketched on a sheet of Mylar plastic. Numbered uniformly distributed dots were 
then placed on the sketch. The positions of a fraction (usually about 25%) of 
the dots were selected from a random number table. The locations on the rock 
surface corresponding to the randomly selected dots were marked with numbered 
arrows. A quadrat (1/16 m°) was then placed at the tip of each arrow, 


photographed and its elevation determined (see below). The "arrow" site was 
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not disturbed. Plots of the same size with similar biological cover in a nearby 
area were scraped clean of organisms which were collected for identification and 
enumeration. 

Nested quadrats. 

This method was used occasionally, primarily to study the effect of sample 
size (quadrat area) on species richness and diversity and to evaluate sampling 
variability. The results of this aspect of sampling are reported in Zimmerman 
and Merrell (1976b). The method involved a 1/4 me frame which was divided into 
16 1/64 m2 subareas by strings stretched between opposite sides of the frame. 
Various sized subareas from 1/64 to 1/8 m@ were sampled. 

The elevations of samples taken by all of the above methods were determined 
with a transit and level rod using standard surveying techniques. The reference 
level was the level of low tide predicted in the Tide Tables. 

In addition to quantitative and qualitative collections general observations 
of biological interactions and the distribution, relative abundance and natural 
history of obvious organisms were made. Minor deviations from the procedures 
reviewed above are included in the descriptions for each site when appropriate. 

Laboratory procedures. 

All samples were sorted by the Alaska Marine Sorting Center of the University 
of Alaska. All organisms were identified, counted (except organisms for which 
individuals could not be readily distinguished such as many species of algae, 
sponges, bryozoans, etc.), and weighed (wet weight and dry weight). Organisms 
from most major phyla were identified to species. Invertebrates from the 
following taxa were not usually identified by the Sorting Center: Porifera, 
Cnidaria, Platyhelminthes, Rhynchocoela, Nematoda, Oligochaeta, Insecta and 
Bryozoa. 


The reproductive stages of the two most common genera of algae, Fucus spp 


and Alaria spp, were noted and weights for the different stages were recorded 
separately. Counts and weights of mussels and limpets were recorded separately 
for two or three size categories. Finally when most organisms had been removed 
and all that remained was a diverse mass of small fragments, estimates of the 
remaining individuals were determined by subsampling the residue. 

Sources of bias and error. 

None of the sampling methods used adequately sampled large and less common 
organisms such as starfish and urchins. With regard to intertidal community 
structure and how oi] pollution might affect it, these two groups of organisms 
probably have an influence which is disproportionate to their abundance and 
biomass (see results section) and therefore the lack of data is particularly 
noteworthy. 

None of the samples taken for laboratory analysis were strictly random. 
Whether the lack of randomness vitiates a particular statistical test depends 
on the questions that are asked of the data and will be discussed when each 
test is introduced. 

The objective of this sampling program was to visit as many "representative" 
sites as possible and within each site to sample as many habitats as possible. 
Therefore, despite the large number of samples at most sites, it was difficult 
to obtain an adequate sample size to test specific hypotheses. 

Other sources of bias and error that affect the usefulness of the data 
from particular sites are included in the descriptions of those sites. 

VI. Results 

In this section we first give descriptions of each site visited in the 
eastern Gulf of Alaska. Each description includes the physical description 
and location of the site, the distribution and abundance patterns of dominant 


Organisms and where appropriate a discussion of factors which may be important 


to community structure at each site. Then we present our results of the 
analysis of species-richness and species-abundance relations at selected sites 
in the eastern Gulf of Alaska. 
OCEAN CAPE, YAKUTAT 
Physical Description and Location 

Ocean Cape (lat. 59° 32.2'N, long. 139° 51.3'W) is at the southeastern 
entrance to Yakutat Bay (Plate EG-1, Sears and Zimmerman 1977; and Figures 1 
and 3). This site is the most exposed of all the eastern Gulf of Alaska sites; 
waves to a height of 88 ft (26.8 m) have been recorded there (Wade, U.S. Coast 
Guard, Juneau, pers. comm.). The area we sampled is a field of boulders from 
cobble size to over 4m high. Sand beaches dominate the coastline for many 
miles north and south of the boulder field (Fig. 2). The sand beach upon which 
the boulders lie is gently sloping; a 60 m transect ran from -0.4 to +2.7 ft 
(-0.1 to +0.8 m). We used the arrow method (Fig. 4) to sample the biota on the 
boulders, and collected sand cores along a transect at the border of the boulder 
field. Palmisano (in preparation) conducted a study of the remains of organisms 
in windrows on the beach in an area northeast of the Cape. Table 1 is a listing 
of methods, dates, and tidal range of sampling. 
Dominant Organisms 

Invertebrates were more abundant than macrophytes in the boulder field at 
Ocean Cape. Table 2 shows range of tidal elevation, range of numbers per 1/16 nm’, 
and height of greatest abundance for selected species. Mytilus edulis is more 
abundant at Ocean Cape than at any other of our northeastern Gulf of Alaska 
sampling sites. Mytilus was collected at every elevation we sampled except 
one (+11.9 ft (+3.6 m)). Balanus glandula is another abundant animal at Ocean 
Cape. At the tidal height where numbers of large Mytilus were most abundant 
(+9.5 ft (+2.9 m)) one of us (N. Calvin) noted many dead B. glandula beneath the 


Mytilus. Fig. 5 shows the patchily dense cover of Mytilus edulis at the lower limit 
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Figure 3 . Ocean Cape site. 
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Fig.4 . High zone boulder with heavy cover of Mytilus 
edulus. Arrows have been placed randomly for qualitative 


sampling. 


Taken in September 1975, 


Fig. 5. Patchily dense cover 
of Mytilus edulis (dark area) 
on a boulder at Ocean Cape. 
Taken in September 1975. 
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Table 2. Range of tidal elevation, numbers per 1/16 m, and height of 
greatest abundance of selected species at Ocean Cape, 
Yakutat, Alaska. 


Range of tidal Range of nymbers Height of 
Species elevation per 1/16 m greatest abundance 
Balanus glandula 9 stone SO ert 0 to 840 +7 30°t0, +8. 0" Ft 
(+3.4 to +0.6 m) (E21) tOmete 64m) 


Mytilus edulis 


<1.5 cm +1) el ato: =0.02 ft 7 to 25475 +5.5 ft (+1.7 m) 
(+3.4 to -0-1 m) 

ouito (220 "em eu etOn tlle ait 0 to 560 +7.0.ft (42/1 m) 
(+3..4 “to; +026 2m). 

>2.0 cm ell VastOe theo att 0 to 550 +9.5 ft (+2.9 m) 
(+3. 4 toi +0. 6!im) 

Balanus cariosus thle Oeton=0 62 Ft 0 to 141 +27 fee (+0.8°m) 


(+3.4 to: =0..1 m) 
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of the mussel. Balanus cariosus was common at Ocean Cape. In the range 
where they were most abundant we found them on the seaward side of vertical 
or sloping boulders. The barnacles were large, thick-walled, and often covered 
with mussels and algae, especially Palmaria palmata (= Rhodymenia palmata). 
Predation on mussels and barnacles did not appear to be a dominant structuring 
factor at Ocean Cape. We did not collect large sea stars in the quadrats, but we 
noted a few Evasterias troschelii at the foot of boulders in the low zone. 
Nucella lima (= Thais lima) was found in the quadrats drilling mussels and barnacles. 
Numerous flatworms were present in the quadrats. Most Turbellaria are carnivorous 
(Hyman 1951). Glynn (1965, p. 70) has noted a polyclad worm preying on a limpet; 
other prey items include nematodes, annelids, snails, isopods, amphipods, barnacles 
bivalves and ascidians (Hyman 1951). The flatworms in our samples were not 
identified specifically, and we do not have observations on their food habits. 
Limpets, fly larvae, and the collembolan, Anurida maritima, are described by 
Lewis (1964, p. 75-76) as minor fauna of barnacle dominated shores. All of 
these were present at Ocean Cape, especially in the zone where B. glandula is 
most abundant; the limpet found most commonly was Collisella pelta. 
Macrophyte cover was not heavy. Fucus distichus was most abundant on boulder 
tops in the high zone (Figs. 6 and 7) Odonthalia floccosa was found on the 
sides of boulders, mostly in the high zone. Low zone algae were Palmaria palmata 
and several species of Alaria. Porphyra sp. was common in June but rare in 
the fall (Fig. 6). We found it on the tops of very large boulders and completely 
covering low boulders in the high zone. 
The sand cores we collected in September 1975 contained very few species 
and individuals. We found a mysid, crab larvae, a calanoid copepod, fly larvae, 


and three species of amphipods (Appendix 2). 
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Interactions between Mytilus edulis, Balanus glandula, and Balanus cariosus 
would be interesting to follow at Ocean Cape. Lewis, in Stephenson and Stephenson, 
(1972, p. 362) suggests that in the British Isles, "...the almost erratic local 
distribution of Mytilus simply reflects stages in irregular cycles of settlement, 
competition with barnacles, predation, denudation, and resettlement, which vary 
in phase from one site to another". On the basis of a few short visits to this 
Site it is impossible to determine whether such a cycle occurs at Ocean Cape, 
and if so, what stage of it we were observing. 

CAPE YAKATAGA 
Location and Physical Description 

Cape Yakataga (lat. 60° 3.8'N, long. 147° 25.9"W) is a bedrock reef pro- 
jecting into the Gulf of Alaska along the coast northwest of the Alaska Panhandle. 
(Plate EG 12, Sears and Zimmerman 1977 and Figs. 1, 8, and 9). The coast of 
Alaska from Icy Bay (17 m (31.4 km) east of Cape Yakataga) to Cape Suckling 
(24 miles (44.5 km) west of Cape Yakataga is sand beach except for Cape Yakataga 
(Fig. 2). The area of the reef we sampled is a mudstone and conglomerate 
platform with two prominant hummocks. Fossil shells are common in the bedrock. 
The platform is covered with a film of standing water up to 4 cm deep. Sand 
is often swept onto the platform by wave action; during some periods the layer 
is thin, but following storms sand may accumulate to a depth of about 10 cm. 
glacial ice (Fig. 10), presumably from Icy Bay, has been observed on the beach 
(John Palmisano, pers. comm.). Table 1 is a synopsis of sampling at Cape 
Yakataga. We were not able to sample the reef at the water's edge because 
continuous surf made it impracticable (Fig. 11). 

Dominant Organisms 

Cape Yakataga is characterized by small numbers of individuals of many species. 

Many of the species were ephemeral or in very patchy distribution, being collected 


only in one season or year. Mytilus edulis is the only species found along 
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Figure 8 . Cape Yakataga site. 


Fig 9. Bedrock reef at Cape Yakataga. Sampling area 
is at extreme right of reef (arrow). Taken in June 1976, 


Fig.10. Glacialice on the beach at Cape Yakataga. Ice 
scouring may inhibit the establishment of stable 
association of attached biota. Taken in February 1975, 
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Fig.11. Surf zone at Cape Yakataga. The outer edges 


of the reef had surf continuously, making sampling 
impractical. Taken inJune 1976, 


Fig.12. "Upper hummock" transect. Note sand and 
standing water on bench between hummocks. 
Taken in September 1975. 
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all three transects in all seasons. All of the Mytilus were 1.5 cm except 

for one quadrat on the "upper hummock" transect in September 1975, where there 
were 253 Mytilus <1.5 cm; 4, 1.5 - 2.0 cm; and 6>2.0 cm. Tables 3, 4, and 

5 show the relative frequency and number or weight of selected species 

collected along three transects during three sampling periods at Cape Yakataga. 
Appendix 1 lists all species collected at Cape Yakataga for all sampling visits. 

Although stable associations were not evident, we did note that mussels and 
barnacles were most abundant on the landward side of the hummocks, especially on 
the lower hummock (Figs. 12 and 13). One of the landmarks we used for arrow 
sampling on the lower hummock was a large colony of sabellid worms, Eudistylia sp, 
which grew in a fissure at the base of the hummock and thus was offered some 
protection. Limpets, especially Collisella pelta, were collected in some of 
the quadrats, but they were more abundant on the higher bedrock reef southeast of 
of the sampling site. Rounded cavities had been worn in the rock and most of these 
depressions were occupied by large limpets, mostly Notoacmea persona. Generally, 
Littorina sitkana is the most abundant gastropod on rocky intertidal beaches along 
the Gulf of Alaska, at Cape Yakataga however, Lacuna marmorata was generally 
more abundant than Littorina sitkana although numbers and distribution of each 
species varied. 

Several species of filamentous green and brown algae were collected in 
quadrats. These were more numerous than other algal groups. In a recolonization 
study at Amchitka, Alaska, Lebednick and Palmisano (1977) found that the order of 
Succession in a disturbed area was (1) diatoms and filamentous brown and green 
algae, (2) ulvoids, (3) macrophytic red and brown algae. Table 6 shows numbers of 
these groups collected along each transect during each sampling period at Cape 


Yakataga. The predominance of filamentous browns and green algae and diatoms 
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Fig.13. "Palmaria bench"; site of Palmaria transect, 
and lower hummock showing arrows in place. 
Taken inJune 1975, 
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Table 6, Number of species of (1) filamentous green and brown algae, 
and diatoms, (2) ulvoids, (3) macrophytic red and brown 
algae collected along three transects during three sampling 
periods at Cape Yakataga. 


October 1974 June 1975 September 1974 

No. of species No. of species No. of species 
Algal Group EAE in IF H P iF H P 
Group 1 sane Se 5 is 8 5 
Group 2 Cane | 2 4 0 ] 2 ] 
Group 3 Ui 0) Tk 6 4 5 5 2 


* F = Fucus, H = Hummock, P = Palmaria 
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over other groups seems to indicate that Cape Yakataga is a disturbed site. In 
addition to wave action, periodic accumulation of sand, and glacial ice drifting 
onto the beach, erosion at Cape Yakataga is a visible process; residents of the 
area have observed changes in the beach from year-to-year (M. Eggebrotten, 
pers. comm.). All of these factors combine to make Cape Yakataga a difficult 
place for any group of organisms to form stable associations. 
CAPE ST. ELIAS, KAYAK ISLAND 
Location and Physical Description 

Kayak Island is a narrow island, 28.2 km long, jutting into the Gulf of 
Alaska in a southwesterly direction (Fig. 1). Its extension into the currents 
of the Alaska Gyre and the prevailing southeasterly winds result in extensive 
drift accumulations on the southeast shore of the island. The width of the 
drift zone approaches 1/2 km in places along the coastal bench indicating that 
this shore is a site for the potential accumulation of floating pollutants. 

Cape St. Elias (lat. 59° 47.8'N, long. 144° 36.3'W), is at the southwest 
tip of Kayak Island (Fig. 14). The average annual temperature is 4.4°C and the 
average annual precipitation is 279.4 cm, with 180.3 cm of snow (25.4 cm of snow = 
1 cm of rain) (Anonymous 1964). There are several shoals and reefs in the vicinity 
of Cape St. Elias which may break the full force of waves coming from the Gulf of 
Alaska, but few directly offshore of our sampling site which is about 0.8 km 
north of the Cape on the western shore of the island. The site is a low-gradient 
bedrock platform (Sears and Zimmerman 1977, Plate EG-18) cut by shallow channels 
and with dams which restrict tidal drainage. There are a few small boulders 
strewn across the platform; these are more densely aggregated at the head of 
the beach (Fig. 15 and 16). 
Dominant Organisms 


Macrophytes were more obvious than invertebrates at the Cape St. Elias 
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Pinnacle Rock 


144° 30' 


Figure 14. Cape St. Elias site. 
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Fig.15. View of transect looking toward the cape. 
Cape St. Elias rises steeply from the beach and shades 
it from the east. Taken in April 1976, 
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Fig.16. View of transect looking seaward. The sampling 
site is a low gradient platform strewn with boulders. 
Taken in April 1976. 
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sampling site. Appendix 1 is a list of all species collected at Kayak Island during 
all sampling visits. The distributions of some selected intertidal organisms are 
shown in Figs.17 and 18 for fall 1975 and spring 1976. Dates and methods of sampling 
at Kayak are listed in Table 1. In April 1976 we made percent-cover estimates at 


each meter along a 117-m transect using 1/16 m@ 


quadrats. The cover of five 

dominant species of algae on the quadrats averaged 50%. Many other species of algae 
were present in smaller amounts. Palmaria palmata (L.) Stackhouse (=Rhodymenia 
palmata (L.) Grev.) (Guiry 1974), was most abundant with 21% cover. Lewis (1964, 

p. 99) has observed in Scotland that Palmaria is most abundant on flat, slow-draining 
platforms on shores dominated by mussels. Mussels are sparse at this site, but the 
slope and topography of the beach were apparently favorable to Palmaria. Cape 

St. Elias, a steep rocky ridge about 1 m (1.6 km) long and 1665 ft (507.5 m) high, 
shades our site from the East. Lewis (1964) has also noted that Palmaria thrives 

in shaded situations, so this may be another factor contributing to its abundance. 

In the spring much of the Palmaria was old-growth, thick, leathery, nearly black, 

and covered with an epiphytic growth of Ectocarpus spp. and Monostroma zostericola. 
Small, red, new blades of Palmaria were also present. In the fall most blades were 
bleached. Munda (1972 p. 14) in her observations in the coastal shallows of Iceland, 
noted that Palmaria was yellow (bleached) and covered with epiphytes in August. At 
Cape St. Elias in the fall only small amounts of Ectocarpus were present as 

epiphytes on Palmaria. 

The "Odonthalia-Rhodomela complex", consisting mostly of Odonthalia floccosa 
with smaller amounts of Rhodomela larix, averaged 19% cover per quadrat. The two 
species are difficult to separate morphologically. They often occur together 
and have no apparent ecological differences so we combine them here. Odonthalia- 
Rhodomela also occur abundantly on several slow-draining, low-gradient beaches 
On southern Kodiak Island (Zimmerman et al. 1978). Their finely divided form 


provides an excellent refuge for small motile invertebrates such as amphipods, 
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isopods, and gastropods. Turtonia occidentalis, a bivalve, attaches its byssal 
threads to these species as well as other Rhodophycean turf species. The Turtonia- 
rhodophycean association was also common at Kodiak, and at Latouche Point (see 
description of Latouche Point). 

Monostroma spp. showed an estimated average cover per quadrat of 9% in the 
spring, but was not collected in the fall. Its presence as an epiphyte on Palmaria 
was especially noteworthy because of its unusually heavy cover. Palmaria had 
only small amounts of epiphytic Ectocarpus spp. Non-epiphytic Monostroma also 
occurred only in the spring; its biomass was less than that of the epiphytic 
Monostroma. 

Several species of coralline algae, articulated and encrusting, were collected 
at Cape St. Elias. We observed corallines growing at elevations of -0.7 to +2.0 ft 
(-0.2 to +0.6 m), higher than would be expected. Lewis (1964, p 150-1) has observed 
corallines growing at high elevations in pools and postulates that dessication is 
the most important factor controlling their upper limits on open rock. 

Phyllospadix sp. averaged 6% cover along the transect; this species was poorly 
sampled by the transect, however. We observed it growing in thick patches in 
and along the borders of shallow pools high on the beach, probably at about 
the +2.0 ft (0.6 m) level, and beginning at about 75 mon the transect. When we 
walked along the beach we noted that in places it formed a belt several meters 
wide. Phyllospadix was also observed to grow abundantly on slow-draining beaches 
on Kodiak Island, especially at Cape Sitkinak and the Geese Islands (Zimmerman 
et al. 1978). Latouche Point also had a heavy cover of Phyllospadix, but this is 
probably due more to deep tide pools than to a low gradient beach. 

Barnacles and mussels were sparse at Cape St. Elias, but motile and cryptic 
species were common. No barnacles were collected in September 1975, but no col- 
lections were made above the +1.0 ft (+0.3 m) elevation. In April 1976 Chthamalus 


dalli was abundant at the +5.9 ft (+1.8 m) levei on a large boulder and 
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was present (5 per quadrat) in two other 1/16 me quadrats at about the +2.0 ft 
(+0.6 m) level. Balanus glandula was collected in five quadrats from +1.1 to 
+5.9 ft (+0.3 to +1.8 m) elevation in numbers ranging from 5 to 550 per quadrat 
(x = 199). 

Mytilus edulis was collected in September 1975 and in April 1976. It was 
found at elevations ranging from -1.9 to +3.2 ft (-0.6 to +1.0 m) in numbers ranging 
from 2 to 25 per quadrat (x = 7.5). All of the Mytilus were <1.5 cm in length. 
Modiolus modiolus averaged 16 per quadrat in two quadrats in September 1975. Only 
one Modiolus was collected in April 1976. All of these mussels were small. 

Channels cut in the rock provided suitable habitat for urchins. Five 
Strongylocentrotus droebachiensis were collected at the +0.8 ft (+0.2 m) level. 

S. franciscanus was observed in the intertidal area away from the transect; 
this species is usually found subtidally. 

The rock at our collecting site is a friable mudstone. It may be too easily 
eroded by wave action, drift logs, and tumbled boulders for sessile organisms to 
to become well established. Species which find refuge in pools and channels are 
able to survive, aS well as small, motile invertebrates which cling to algae or 
hide in crevices. 

KATALLA 
Location and Physical Description 

Katalla (lat. 60° 16.5'N, long. 144° 36.5'W) is a south-facing beach on 
the north shore of the Gulf of Alaska, and is fully exposed to the oceanic 
conditions of the Gulf (Figs. 1 and 19). Shoal waters offshore cause oceanic 
swell to pile up creating a heavy surf there. The sampling site is a low-gradient 
reef composed of cobbles and small, large, and occasionally very large boulders 
Surrounded on all but the seaward side by sand beach. (Sears and Zimmerman 1977, 


Plate EG-20). Table 1 lists dates and sampling methods used at Katalla. 
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Figure 19 . Katalla Bay site. 
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Appendix 1 lists all species collected at Katalla for all sampling visits. 
Fig. 20 shows the distribution of some selected species from the "arrow" sampling, 
April 1975. 

At our study sites most of the sessile organisms were associated with the 
largest boulders, particularly on the shoreward sides. We sampled one of these 
boulders with the "arrow" sampling method (quadrat size 1/16 m?) in April 1975 
(Figs. 20 and 21). The red alga, Porphyra sp., was recorded at the highest 
level that we sampled on the rock (+13.1 ft (3.9 m)). The upper limit of barnacles 
began about +11 ft (+3.3 m) and increased to a coverage of about 50% on one quadrat 
at +9 ft (+2.7 m) (arrows 18 and 20 in Fig. 21,). At +7 ft (+2.1 m) primary 
space was completely covered by barnacles and mussels (arrows 8 and 30, Fig. 21). 

A 1/16 me sample scraped from the rocks elsewhere, but at the same tidal level 
as and in a patch of intertidal area superficially similar to that containing 
"arrow' plot 30 contained 18 species of organisms including 2439 Mytilus edulis 
(wt = 1035 gm), 780 Balanus glandula, 120 B. cariosus, littorines, worms (5 
species), and minute quantities of the algae, Scytosiphon lomentaria and 

Ulva lactuca. At about +5 ft (+1.5 m) mussel and barnacle cover was slightly 
less (arrow 35 and 45, Fig. 21), but species richness was about the same. A 
sample scraped from rock at this level contained 19 species. 

Below the zone of heavy Mytilus cover (about +2 ft (+0.6 m); arrow 3, Fig. 21) 
B. cariosus increased in abundance. M. edulis was represented mainly by tiny 
individuals in that quadrat. The +2 ft level marked the approximate upper limit 
of Halichondria panicea. The algae Rhodymenia pertusa and Polysiphonia hendrii 
were the only species of algae collected at this level. 

At the lowest level studied (-0.2 ft (-0.6 m); arrows 10 and 11 Figs. 21 
and 22) Halichondria panicea biomass was great (620 gm wet wt in one 1/16 me sample). 
The sample of high biomass scraped from rock at the same level as arrow 10 


contained 12 other species, primarily worms and amphipods. Barnacles were absent. 
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Fig.21. Shoreward side of large boulder sampled by the 
arrow method. This was the heaviest biotic cover found 
at the site. Taken in April 1975. 


Fig.22. Sponge cover at arrow II, at +0.5 feet (0.15m) 
Taken in April 1975, 
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The abundance of macroflora and macrofauna was generally low on the boulder 
beach. In October 1974 we established a grid among cobbles and boulders 
in the Fucus zone and sampled it randomly (Table 1). The conspicuous organisms 
of this zone, Fucus distichus and M. edulis, differed in frequency of occurrence, | 
but were both low in biomass. Fucus occurred in all quadrats and averaged 23.2 gm. 
per quadrat (range, 0.2 - 42 gm per quadrat). Mytilus occurred in only 40% of | 
the quadrats and averaged 35 gm per quadrat (range, 0.2 - 119 gm per quadrat) 
in those quadrats in which it was found. 

In April 1975 we established three transects at Katalla (Table 1). 

Transect 1 was laid on the boulder beach in an area similar to that randomly 
sampled in October 1974. The results revealed a situation similar to that 

recorded in October. Fucus occurred in 62% of the quadrats at a relatively 

low biomass (X = 58.6 gm). Mytilus also showed a low biomass (x = 3.5 gm/quadrat; | 
range, .002 to 10.7 gm/quadrat), but occurred more frequently (88% of quadrats) 

on the transect than on the grid. 

Transect 2 was placed in the lower intertidal area of the boulder beach. 
Twenty-four species of algae and 47 species of animals were recorded in samples 
from this transect, but biomass here as at higher levels was low. Laminaria 
groenlandica showed the greatest biomass (up to 100 gm/ 1/16 m<) ; other species 
of algae usually totaled less than 10 gm/quadrat, and were often too small to 
identify. The animals were mostly minute crustaceans (e.g. caprellids) and worms. 

Transect 3 was placed across a large (12 m diameter) tidepool ranging in 
depth from a few inches to over a foot in the upper intertidal area. The 
bottom was covered with small boulders and cobbles which had a 50-80% cover 
of encrusting corralline algae. In addition there were occasional Laminaria 


plants (mean wt. 114.8 gm per 1/16 m2) and scattered individuals of other 
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species of algae. Mytilus abundance averaged 1.2 per 1/16 m@ (range, 1-6 per 
1/16 m2 its frequency of occurrence was 67%. One Nucella lamellosa was recorded. 
The small herbivorous gastropod, Lacuna marmorata, was common throughout the pool 
(mean number, 155.5 per 1/16 me). 

Our data indicate that potential ecological dominants (e.g. M. edulis) 
occupied only a small portion of available space on the boulder/cobble beach. 

We can think of two types of physical disturbance that could account for this 
anomalous situation. The first results from frequent, heavy wave action which 
causes the cobbles and small boulders to roll around and collide constantly 
creating bare space and preventing competitive dominants from establishing large 
populations. 

The second mechanism involves scouring of the boulder/cobble substrate by 
water-borne sand from the surrounding sand beach. This mechanism is less likely 
because large boulders (Fig. 21) adjacent to sand showed heavy biological cover, 
and quite low quantities of sand were seen in the boulder/cobble area. Our data 
are inadequate for distinguishing between these two mechanisms with confidence. 

Sand Beach Study Sites 

The four beaches (Hook Point, Big Egg Island, Kanak Island, and Softuk Bar) 
described below can be characterized as low-gradient sand beaches, exposed to 
the oceanic conditions of the Gulf of Alaska. They form part of a chain of such 
beaches and islands which stretch from Hincninbrook Island across the Copper 
Copper River Delta to Controller Bay (Fig. 1). On these beaches physical factors 
such as small grain size, instability of substrate, and wave action, influence 
the scope of biological activity. 

We visited each site once, in April 1976, and sampled it with transect lines 
extending from low tide to the drift zone (Table 1). One-liter core samples 


were collected at various intervals along the lines, both at the surface and 


below it; the deepest samples extended to a depth of 20 cm. The sand from 
haphazard cores and trenches dug with shovels was sieved with a 1 mm screen. 

A species list for each site (Appendix 2) was compiled from this sample data 
Supplemented by visual observations. The composition and amount of accumulation 
of drift was noted. 

At the western end of the chain, Hook Point forms part of a bedrock headland 
projecting into the Gulf of Alaska on the southeastern shore of Hinchinbrook Island 
(Fig. 1 and Sears and Zimmerman 1977, Plate EG-24). A small cove (lat. 60° 20'N, 
long. 146° 15'W) to the west of Hook Point was sampled (Fig. 23). The intertidal 
zone consisted of a wide sandy beach gradually sloping at a 1% grade. Running 
parallel to the shoreline were shallow troughs, apparently formed by wave action, 
containing standing water. 

Eteone longa, a mysid, and a few unidentified Forminifera, nemerteans, and 
polychaetes were the only organisms present in our samples (Appendix 2). These 
occurred in the tidal range -.8 ft (-0.3 m) to +1.1 ft (+0.3 m), mainly in one 
area of standing water. One amphipod was collected at a higher tidal level. 
There was virtually no accumulation of drift. 

Big Egg Island (lat. 60° 22'N, long. 145° 44'W) (Figs. 1, 24 and Sears and 
Zimmerman 1977, Plate EG-23) is the largest of a group of sand bar islands. 
Colonies of nesting gulls occur on the islands. Two transects each 60 m long 
were sampled and several trenches dug. Three live amphipods, Eohaustorius 
washingtonianus copepods, Calanus plumchrus, and two polychaetes, Thoracophelia 
sp. were found (Appendix 2). Drift consisted primarily of razor clam shells. 
Although we found no live clams, the area is indicated as supporting a razor 
clam population in the intertidal and nearshore subtidal regions (Anonymous, 
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Figure 24. Big Egg Island site. 


The Kanak Island site (lat. 60° 7.5'N, long. 144° 20'W) is located on the 
southeastern side of the island (Figs. 1, 25 and, Sears and Zimmerman 1977, Plates 
EG-19 and EG-20). The beach is approximately 270 m wide and flat. The substrate 
changed from muddy sand at the low end of the transect (+2.3 ft to -0.3 ft) 
to loose sand at elevations up to +6.3 ft (+1.9 m) at the high end. This site 
supported the largest diversitv and biomass of organisms of the four beaches sampled 
(Appendix 2). Dominant organisms (in terms of biomass) were polychaetes (nine species 
and the bivalve, Macoma balthica. Nephtys spp, Scoloplos armiger and Eteone longa 
were found over the entire tidal range. Excluding these species, species composi- 
tion appeared to change with substrate composition. The greatest diversity of 
organisms was found at the muddy, low tidal levels. Red and green algae and 
gammarids were found only at these levels. Numerous unidentified castings were 
seen there. 

At the sandy, upper levels, both the number of higher taxa and species 
within each taxon decreased. Macoma balthica was found from +3.0 ft (+0.9 m) to 
+6.3 ft (+1.9 m), the highest level sampled. Nematodes and the cumacean, Lamprops 
sp. also appeared in small numbers in this area. 

Softuk Bar extends about 3 miles into the Gulf west of Katalla Bay (lat. 60° 
12'N, long. 144° 42'W) and forms the eastern end of the chain of bars off the 
Copper River Delta. (Figs. 1, 26, and Sears and Zimmerman 1977, Plates EG-20 and 
EG-21). An extensive shallow muddy lagoon is enclosed by the bar and the mainland 
to the northeast. The southern side of the bar is sand. Samples were taken on the 
sandy side. Shifting surface sand contained only a few individuals of four species, 
Archaeomysis grebnitzkii, Emplectonema gracile, Eteone longa, and Eohaustorius 
washingtonianus. The packed sand layer beneath yielded only amphipod fragments. 


One razor clam shell and one crab fragment were found as drift. 
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Figure 25. Kanak Island site. 
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BOSWELL BAY 
Location and Physical Description 

Boswell Bay is an estuary indenting the eastern end of Hinchinbrook Island 
(lat. 60° 24' 36"N, long. 146° 6' 18"W) (Fig. 1). A large part of the bay is 
shoal with mud (Sears and Zimmerman 1977, Plate EG-24). Its entrance is a narrow 
channel in which tidal currents of two knots have been reported (Anonymous 1964). 
The site sampled is on the north shore, just inside the entrance (Fig. 27) with 
a monolithic rock island just offshore (Fig. 28) which can be reached from the 
sampling site by wading at low tide. In September silt was suspended in the 
water and covered the rocks (Fig. 29). Surface salinity was 13.9 ppt. Most 
sampling was done on a gravel-sand-mud beach (Fig. 28). Some additional work 
was done on a large rock nearby (Fig. 30). 
Dominant Organisms 

On rock throughout the intertidal zone Balanus balanoides and B. glandula 
formed the heaviest cover, in some areas approaching 100%. Mytilus edulis 
formed heavy cover only in patches, and were often themselves covered with 
barnacles. As would be expected at a low-salinity, estuarine site, there were 
no B. cariosus or echinoderms (urchins or starfish). Seaweeds were notably 
sparse. For example, Fucus distichus was present in only one of 20 1/16 mé 
arrow quadrats on rock ranging from +0.8 ft (+0.3 m) to +8.5 ft (+2.5 m) (Fig. 30). 

On the mud beach, the most numerous species were the small clam, Macoma 
balthica, and oligochaetous worms which in September 1974 numbered as many as 213 
and 476 per sample (1 liter) respectively. Fig. 31 shows the distributions 
of some species in September 1974. The clam Mya arenaria was present, but 
our quadrat size (1 liter) was too small to sample it adequately. 

Mud core samples were taken in September 1974, May 1975, September 1975 


and April 1976. The samples taken during the last three periods were 
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Figure 27. Boswell Bay site. 
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Fig.28. Mud and gravel beach at low tide showing off- 
shore monolith. Taken in September 1975, 


Fig.29. Arrow 65 on lower part of rock. Note heavy 
silt deposit between mussels and barnacles on mussel 


valves. Taken in September 1975, 
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Fig.30. Arrow site with heavy barnacle cover above 
and patchy mussel cover below. Taken in September 1975, 
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not adequately fixed, and soft bodied, delicate organisms, especially polychaetes, 
fragmented and passed through our sieves. 
MIDDLETON ISLAND 
Location and Physical Description 
Middleton Island (lat. 59° 25.2'N, long. 146° 22.5'W) is a low (elevation 
125 ft (38.4 m)) island (Fig. 32) in the northern Gulf of Alaska, about 50 mi 
(92.6 km) south of the entrance to Prince William Sound (Fig. 1). The island 
is fringed with reefs, rocks, and heavy kelp to a distance of 0.4 mi (0.7 km). 
Breakers occur at greater distances. The island was uplifted 15 to 20 ft (4.6 
to 6.1 m) in the 1964 earthquake (Anonymous, 1964). The sampling area, (Fig. 33 
and Fig. 34), is a mudflat strewn with boulders. We collected 10 1-liter cores 
in October 1974 and in April 1975, and 9 cores in September 1975. 
Dominant Organisms 
Four polychaete worms, Abarenicola pacifica, Capitella capitata, Rhynchospio 
sp., and Pygospio sp., were abundant in all seasons. Nereid worms, Nereis procera, 
Nereis vexillosa, and Nereis sp. were collected only in the fall. Although algal 
fragments, insect larvae, amphipods and other marine invertebrates are represented 
in the collections, polychaete worms are the dominant group, and Abarenicola 
pacifica is the most conspicuous (Appendix 3). Several species of shore birds, 
ducks, and geese were observed feeding and resting in this area in September 1975. 
The boulders throughout the area, almost to the water's edge, have Fucus 
distichus, Littorina sitkana, and Balanus sp. growing on them. A large 
aggregation (thousands) of Littorina sitkana was observed high on the beach. 
Larce limpets, probably Notoacmea persona, were common. Mussels (Mytilus edulis) 
were very sparse and were found on boulders close to the water's edge. 


Filamentous green algae, Porphyra sp., and colonial diatoms were also found on 


SHES} 


Fig. 32. Middleton Island showing low bluffs and sand 
beach. Taken in December 1975, 


Fig.33. Middleton Island sampling area. The beach is 
mud and boulder, extending about 0.5 mi to the water. 
Taken in December 1975, 
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Figure 34. Middleton Island site. 
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boulders. Rhodomela larix and Bossiella sp. were found in standing water. 
Laminaria sp. was observed growing on boulders in pools at the outer edge of 
the beach. Several species of algae, mostly Nereocystis lutkeana and Palmaria 
palmata, were found in the drift. Shells of Mytilus californianus were also 
present. 

CAPE HINCHINBROOK, HINCHINBROOK ISLAND 

Location and Physical Description 

Cape Hinchinbrook (lat. 60° 14.3'N, long. 146° 38.8'W) is on the southern- 
most tip of Hinchinbrook Island, on the eastern side of Hinchinbrook Entrance 
(Figs. 1 and 35). The Cape juts into the Gulf of Alaska and in a southerly gale 
is subject to heavy wave action. During our sampling period in April 1976, wind 
and storm surge pushed the tide high on the beach. 

There are steep cliffs above the beach (Fig. 36). Cape Hinchinbrook light 
is located on the cliffs above our site and is 235 ft (71.6 m) above the water 
(Anonymous 1964). The beach is bisected by a small fresh water stream. We 
made qualitative observations along two transects, one to the west (transect 1) 
and one to the east (transect 2) of the stream. Transect 1 is in an area of 
sedimentary bedrock which has been tilted so that the layers are vertical. The 
bedrock surface is strewn with numerous large (0.5 to 3 m on a side) chunky, 
often flat-topped boulders and small cobbles (Fig. 37). Transect 1 was 40 m long, 
and extended from the -0.4 ft (-0.1 m) to the 11.4 ft (3.5 m) tidal level. 
Transect 2 is similar to transect 1 but with the bedrock substratum rising 
abruptly from the water line along a short near-vertical face and then continuing 
in a series of hummocks to the base of the cliffs. The boulder field is more 
dense than along transect 1 and the average size of the boulders is smaller 
(Fig. 38). There are several small tidepools along the transect and an area 
of fresh water runoff near the upper end of it. Transect 2 was 46 m long and 


spanned the tidal levels +0.4 to +10.6 ft (0.1 to 3.2 m). 
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Figure 35. Cape Hinchinbrook site. 


Fig.36. View of sampling site at Cape Hinchenbrook 
showing general location of transect 1. The beach 
consisted of boulders on low gradient bedrock rising 
abruptly to a steep cliff. Taken in April 1976. 


318 


Fig. 37. Upper end of transect 1 showing tilted bedrock 
and large chunky boulders. Taken in April 1976. 


Fig. 38. View along transect 2 showing boulders 
and hummocky bedrock. Taken in April 1976. 
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Dominant Organisms 

Transect 1 (Fig. 37): Palmaria palmata (=Rhodymenia palmata) was the dominant 
macrophyte along transect 1, observed in 26 of 40 quadrats. It occurred with 100% 
cover in three quadrats falling on a slow-draining bedrock bench, a favored habitat 
(Lewis 1964). A heavy coating of diatoms was observed in 13 quadrats. 

Endocladia muricata also occurred in 13 quadrats, most of them in the high zone. 
Gigartina papillata occurred in 1] quadrats. Porphyra spp. was observed in 10 
quadrats; one species occurred in small amounts in the mid-zone, and a second 
species was confined to the +11.4 ft (+3.5 m) level where it covered the entire 
quadrat. Fucus distichus was sparse; it occurred in only six quadrats and 
percent cover was <10. Balanus sp. was the animal with the highest relative 
frequency along transect 1. It occurred in 27 of 40 quadrats, but percent cover 
was generally low. Unidentified limpets were present in 15 quadrats. In the 
low zone they occurred singly or in small numbers and were about 1 to 3 cm in 
length; in the high zone they were generally small (5 mm) and were clustered in 
small depressions or crevices. Mytilus edulis was observed in 14 quadrats; most 
of these mussels were small (€1.5 cm) and were attached to sprigs of algae, on 
barnacles, or in rock crevices. Predators were rare; two Leptasterias hexactis 
were seen at the +1.7 ft. (0.5 m) level, and three Nucella lima were seen at the 
+4.8 ft (1.5 m) level. A cluster of N. lima was seen adjacent to those in the 
quadrat; none of them were feeding. 

Transect 2 (Fig. 38): Palmaria palmata was the dominant algae in the low 
zone and Fucus distichus and Endocladia muricata were dominant at higher 
elevations. Macrophyte cover was light. Barnacles (mostly Balanus glandula) 
occurred most frequently, but percent cover was low, and there were several 
scars of dead barnacles. Coralline algae, small plants of Alaria sp. and 


Laminaria sp., sponge, anemones and Pagurus sp. were found in tidepools. 
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Unidentified limpets and the littorine snails, Littorina sitkana and L. scutulata 
were common. Predators were uncommon; one Leptasterias hexactis was found in the 
low zone, and Nucella lima was found in five quadrats. An aggregation of 30 N. 


lima (not feeding) was observed at about the +7 ft (2.1 m) elevation, but elsewhere 


only one or two N. lima were observed. 
POINT BARBER, HINCHINBROOK ISLAND 
Location and Physical Description 

Point Barber (lat. 60° 19.8'N, long. 146° 39.5'W) marks the southwestern 
end of the northwestern shore of Port Etches, Hinchinbrook Island (Figs. 1 and 39). 
The mid and lower intertidal region at Point Barber is a gently sloping bedrock 
platform, but the upper intertidal region has localized areas of vertical relief. 
(Fig. 40; see also Plate EG-26 of Sears and Zimmerman 1977). Exposed rocks along 
a section of coast near the study area are "massive graywacke" alternating in 
stretches with "highly contorted thin bedded argillite and graywacke" (Moffit 1954). 
The bedding planes of the rock comprising the intertidal platform are strongly 
tilted. Point Barber is partially protected from open ocean waves and swells by 
the southwestern peninsula of Hinchinbrook Island and nearby Porpoise Rocks, but 
it probably receives severe wave shock during winter storms. 

The area of Prince William Sound near Point Barber was uplifted in the 
range of 6 to 8 ft (1.8 to 2.4 m) during the Great Alaska Earthquake of 1964 
(Fig. 1 of Haven 1971). In May 1977 we observed empty shells of the rock boring 
piddock, Penitella penita, partially protruding from the surface of the rock 
platform in the mid-intertidal zone among Fucus distichus and Mytilus edulis. 
These bivalves normally occur in lower intertidal and subtidal regions 
[although Evans (1968) has recorded P. penita as high as +0.6 m in the intertidal 


zone at Coos Bay, Oregon], and probably died when they were lifted above their 
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Figure 39. Port Etches site. 
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Fig.40. Oblique view of study area at Pt. Barber looking 
across Hinchenbrook Entrance to Montague Island. 
Taken on 7 May 1977 by C.E. O'Clair. 
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upper physiological limits by the earthquake. The empty shells are becoming 
gradually exposed as the surface of the rock platform erodes away. 
Dominant organisms and community patterns 

We made qualitative observations of intertidal communities in May and 
July/August, 1977. The upper and mid-intertidal zones were dominated by 


Fucus distichus with Balanus spp. (mostly B. glandula; B. balanoides was not 


recorded, but may have been present) dominant on rock outcrops above the Fucus. 
Although small M. edulis (mean shell length of 439 haphazardly collected individuals 
was 1.1 cm, SD 0.9 cm) were abundant in the Fucus zone in May, there were few 

large (shell length >3 cm) Mytilus except in patches on the southeastern side of 

the site (Fig. 41). By contrast, in 1973 two of us (N. Calvin and J. Gnagy) noted 
that large M. edulis were abundant especially on the northeastern side of the point. 

Pisaster ochraceus was common at Point Barber during both observation periods, 
but it was less obvious in May because many individuals were in tidepools hidden 
beneath over-hanging rock around the periphery of the pools. In July/August most 
Pisaster were plainly visible on the platform surface. Scattered individuals 
of Nucella sp. (N. lima or N. emarginata) and N. lamellosa were observed in 
upper and mid-intertidal zones. 

Most of the lower intertidal platform was covered by Palmaria palmata and 
Alaria sp. (Fig. 42). A large number of Alaria were small (blade length 50 cm). 
Rhodomela larix was generally abundant in poorly drained areas in the upper part 
of the lower intertidal zone; Phyllospadix sp. occupied this type of habitat at 
lower levels. 

Leptasterias hexactis was common throughout the mid and lower intertidal zones. 
One female was observed brooding eggs in May. Other starfish in the lower inter- 


tidal zone were Evasterias troschelii (rare, only one individual seen), Dermasterias 
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Fig.41. Patches of large Mytilus at Pt. Barber taken on 
6 May. 1977 by C.E. O'Clair. 


Fig.42. View of lower intertidal platform at Pt. Barber. 
Taken on 5 May 1977 by C.E. 9'Clair. 
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imbricata, and Pycnopodia helianthoides. Scattered individuals of Balanus 
cariosus were present throughout the mid and lower intertidal zones. Chthamalus 
dalli were numerous on ridges and hummocks near the seaward edge of the intertidal 
platform. Large patches of the encrusting sponge Halichondria panicea accompanied 
by the nudibranch Archidoris montereyensis were abundant near the seaward edge 

of the platform (Fig. 42). In Washington 74% of the diet of A. montereyensis 
consists of H. panicea (Bloom 1974). 

At the lowest reaches of the intertidal region and in tide pools the 
major canopy species was Laminaria dentigera intermixed with a few L. yezoensis 
plants. Obvious invertebrates in these habitats were the cnidarians Anthopleura 
elegantissima (in upper pools) and Tealia crassicornis, an occasional decapod 
crustacean (Oregonia gracilis, Pugettia gracilis, or very rarely Placetron 
wosnesenskii), and a few small urchins, Strongylocentrotus droebachiensis. 

Factors affecting community structure 

It is impossible to examine adequately the dominant factors that determine 
community structure by observing a community twice, but our descriptive studies 
at Point Barber suggest several factors that are likely to be important to 
community organization there. 

Physical disturbance can be important to community structure. Theory predicts 
that frequent, severe, or chronic disturbance will reduce species richness, but 
infrequent and/or local disturbance can increase species richness by creating 
patches which competitively inferior species can colonize (Levin and Paine 1974). 
Dayton's (1971) study of the effects of wave-borne logs on intertidal community 
structure supports this theory. We noted evidence of recent physical disturbance 
at Point Barber, especially in May 1977, by the presence of patches of bare rock 
apparently created by erosion of large pieces of rock from the surface of the 


intertidal platform; other patches had apparently been cleared earlier since they 
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were covered with foliose green algae (Ulva and/or Monostroma); both genera are 
rapidly growing and ephemeral, and frequently appear early on freshly cleared 
surfaces (Northcraft 1948, Dayton 1971, Lebednik and Palmisano 1977). Most 
recently disturbed areas are small and uncommon at Point Barber, and it does 
not appear that exfoliation of the bedrock surface is an important determinant 
of intertidal community structure there. 

Another disturbance which could be important to biotic populations on the 
northwestern side of Point Barber is scouring by sand and gravel suspended in 
longshore currents from the beach northwest of the Point. The absence of adult M. 
edulis in this area may be a result of scouring, but predation by Pisaster (and 
possibly Nucella) (see below discussion) is a more likely cause because adults 
of other organisms (e.g. F. distichus and B. cariosus) which would have been 
removed by scouring by sand, gravel or ice were common. As stated above, the size 
and abundance of disturbed areas suggest that storm and log damage and freeze- 
thawing were not important structuring factors of the community at these levels 
at Point Barber. 

Biological interactions, especially predation, have been shown experimentally 
to be important structuring agents in intertidal communities. Paine (1966, 1974) 
has shown that Pisaster ochraceus plays a dominant role in the structure of rocky 
intertidal communities on the outer coast of Washington by preying on Mytilus 
californianus, a species which dominates in competition for space. M. edulis 
reaches a smaller average adult size than M. californianus, but Menge (1976) 
has shown that M. edulis is capable of dominating the mid-intertidal region on 
horizontal and inclined surfaces in exposed and (in the absence predation by 
Thais (Nucella)) protected areas. In May 1977 adult Mytilus were abundant in 
but a few small patches on the southeastern side of Point Barber. One permanent 


1/4 me quadrat was placed haphazardly in each of three Mytilus patches in the 
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upper intertidal and photographed in May. The quadrats were rephotographed in 
July. One plot showed a striking decrease in coverage (from 37% to 2%) an the 
interval from May to July (Figs. 43 and 44). Several Pisaster and empty shells 
and plates of M. edulis and B. cariosus respectively were near the plot in July. 
Predation by Nucella is an unlikely source of mortality of Mytilus at the plot 


because few were observed at Point Barber in May and July. 


The patches of Mytilus were probably near the upper limit of Pisaster. Below 


these patches the intertidal bench gradually slopes to the sea; there are few 
drainage channels to allow Pisaster ready access to shoreward areas. Apparently 
these patches had been free from Pisaster predation for at least 2 to 3 years 
allowing Mytilus to attain a large size. 


On the northwestern side of Point Barber adult Mytilus were scarce probably 


because of Pisaster predation since 1973. Large drainage channels give Pisaster 


access to shoreward areas of the bench here (Fig. 45). Dense coverage of young 
Mytilus indicate that the habitat is still suitable for the settlement and 
persistence of young Mytilus. 
ZAIKOF BAY 
Location and Physical Description 

Zaikof Bay is a 2.5 mile wide embayment located on the northeastern end of 
Montague Island at the west side of Hinchinbrook Entrance to Prince William 
Sound (Fig. 1). The intertidal survey site is located on a rocky point ; 
(lat. 60° 17' 54"N, long. 147° 00'00"W) on the south side of the Bay (Fig. 46and 
47). The point is a moderately sloping bedrock reef extending northeasterly, 
slightly into the bay and consisting of several large bedrock hummocks separated 
by crevices. The point is bordered on the east by a gravel beach; to the west 
the beach rapidly grades from a medium boulder to a gravel substratum (Sears and 


Zimmerman 1977, Plate EG-29). 


Fig.43. View of a quadrat in a patch of Mytilus at 
Pt. Barber. Compare with Fig.44. Takenon 6 May 1977 


by C.E. O'Clair. 


Fig.44. View of a quadrat in an area formerly occupied by 
Mytilus at Pt. Barber. Compare with Fig.43. Taken on 
31 July 1977 by C.E. O'Clair. 
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Fig.45. View of drainage channel at northwestern side of 
Pt. Barber. Takenon6 May 1977 byC.E. O'Clair. 
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Figure 46. Zaikof Bay site. 


Fig. u7. Aerial view of Zaikol Bay sampling site. 
Taken in May 1974, 


332 


Dates and methods of sampling at Zaikof Bay are listed in Table 1. The 
distribution of some selected intertidal organisms is shown in Fig. 48 for fall, 
1975. Appendix 1 contains a list of all species collected on the transects for 
all sampling visits. Rosenthal et al. (1977) include a description of the shallow 
sublittoral area adjacent to our intertidal site at Zaikof Bay. 

Fucus formed the most conspicuous algal belt in the high intertidal zone 
at Zaikof Bay in 1974 and 1975 (see also Rosenthal et al. 1977). It occurred 
in greatest density from +9 ft (+2.7 m) to +5 ft (+1.5 m) but was found as low 
as +2 ft (+0.6 m). Dense concentrations of the mussel Mytilus edulis often 
occurred with the Fucus. With the Fucus/Mytilus assemblage were large numbers 
of inconspicuous organisms whose role in the intertidal system is not known. 
These include marine mites, pseudoscorpians, dipterans, oligochaetes and 
nematodes. Also present in quantity were the amphipod, Oligochinus lightii, 
and the isopod, Munna chromatocephala. 

Below the +6 ft (+1.8 m) level the algal community included Palmaria 
palmata, Halosaccion glandiforme, Rhodomela/Odonthalia complex, Pterosiphonia 
bipinnata, Iridéea sp., and Cryptosiphonia woodii, listed in order of relative 
abundance. With this assemblage were many small molluscs, including Lacuna sp., 
Alvinia sp., Mitrella sp., Margarites sp., Musculus sp., Hiatella arctica 
and Tonicella lineata and the crustaceans Pugettia gracilis, Pentidotea 
wosnesenskii, and Cancer oregonensis. The barnacle Balanus cariosus was 
distributed in densely concentrated patches from the +6 ft (+1.8 m) level to 
the+1.5 ft. (+0.4 m) level. At approximately the +3.5 ft. (+1.0 m) level 
Alaria marginata began to occur. This canopy species was common at the MLLW 


mark (0.0 m). 
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The sea star, Pisaster ochraceus was present in quantity although it 
appeared on only one transect line. During June 1976, intense Pisaster 
predation on Mytilus and Balanus spp. resulted in many patches of rock cleared 
of mussels and barnacles. These bare areas were then opened to colonization 
by species which suffer in competition for space with barnacles and mussels. 

A similar situation described by Paine (1966) resulted in an increase in 
species diversity by providing space, the major limiting resource in the rocky 
intertidal region (Paine 1966, 1971; Connell 1972; Dayton 1971). 

MACLEOD HARBOR 

Location and Physical Description 

MacLeod Harbor (lat. 59° 53.4'N, long. 147° 47.7'W) is at the southwest end 
of Montague Island. Its broad mouth opens on Montague Strait (Fig. 1, and 
Sears and Zimmerman 1977, Plate EG-32). Our intertidal sampling site was on the 
north shore near the entrance of the bay, facing south, where it is partially 
exposed to seas from Montague Strait (Fig. 49). 

The southwest end of Montague Island was raised about 9 mon March 27, 1964 
by the Great Alaska Earthquake, which raised the entire intertidal zone of 
MacLeod Harbor well above the reach of highest tides, and moved substrate which 
had been subtidal into the intertidal region. Mass mortalities of algae and 
invertebrates resulted. An interdisciplinary post-earthquake study of Prince 
William Sound, led by G. Dallas Hanna (1971) included a visit to MacLeod Harbor 
on June 26-27, 1965. Johansen (1971) and Haven (1971) give accounts of post- 
earthquake algal and invertebrate distribution, respectively. At MacLeod Harbor 
in 1965, Porphyra spp. were the dominant colonizing algae, forming a heavy band 
from +8.0 ft (+2.4 m) to +3.9 ft (+1.2 m), the tidal range usually occupied by 


Fucus distichus, of which there were only a few isolated individuals 
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Figure 49. MacLeod Harbor site. 
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(Johansen 1971). When Haven (1971) revisited the site in August 1968, and later 
when we visited it in 1974 and 1975 Fucus was the dominant alga of this zone. 

Dates and methods of sampling are listed in Table 1. Appendix 1 lists 
all species collected at MacLeod Harbor for all sampling visits. Fig. 50 shows 
the distribution of some selected intertidal organisms at MacLeod Harbor in 
September 1975. 

Our sampling site was largely bedrock, layers of which had buckled and 
heaved to create steep-sided "fingers" of rock which extend offshore from the 
high intertidal like fingers from a hand (Figs. 51 and 52). The upper part of 
these "fingers" was sampled with transect lines (Fig. 53) and the lower by 
arrow sampling (Fig. 51). The lower part of each transect traversed a low 
gradient, flat, bedrock shelf in the Alaria zone (which extends approximately 
from +5.0 ft (+1.5 m) to +1.0 ft (+0.3 m). 

Dominant Organisms 
Upper Zone 

As at almost every rocky site sampled, the upper zone at MacLeod Harbor was 
occupied by Littorina sitkana, Balanus glandula, Fucus distichus and Mytilus 
edulis. Unlike other sites, on most transects collected at MacLeod Harbor, these 
species occurred in every zone we sampled down to +0.3 ft (0.1 m). Collisella 
pelta and oligochaetes were also distributed throughout the intertidal zone. An 
exception was Mytilus over 1.5 cm long which did not extend below +3.0 ft (+0.9 m) 
Pisaster ochraceus, which were observed in the low zone, may pass over smal] 
Mytilus edulis to select larger ones. Paine (1976) has found that there is a 
minimal size below which M. californianus are not attractive to large Pisaster. 

In April 1975, Littorina sitkana were much Jess numerous in the collected 


quadrats than in September of 1974 and 1975 (average abundance in quadrats in 
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Fig.51. Arrow sampling on a typical bedrock reef at 
MacLeod Harbor. Taken in September 1974, 


—— : hg Ea ates 


Fig.52. Low zone on reef showing heavy cover of mussels 
and algae. Taken in April 1975. 
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Fig.53. Transect sampling in the upper zone at MacLeod 
Harbor. Taken in Septemher 1975, 
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which they occurred was 7.9, April 1975; 104.4, September 1974; 71.6, September 1975). 
Near freezing weather during the April sampling period may have forced most 
L. sitkana to seek shelter in cracks, crevices and under rocks. These individuals 
would have been overlooked. 
Middle and Low Zones 

Mytilus, formed a heavy cover in the middle zone, particularly on the 
projecting reefs (Figs. 51 and 52). In the low zone the cover of Alaria spp. was 
relatively sparse. In September most of the Alaria plants still had their blades, 
although they were dissected to the mid-rib. In the extreme low zone, under water, 
we saw the starfish, Pisaster ochraceus and Pyncnopodia helianthoides, and the 
perennial red alga, Constantinea sp. 

A prominent zone of the red alga, Palmaria palmata was absent at this site. 
All of our samples each had less than a gram of Palmaria. At other sites, weights 


of over 100 g of P. palmata per 1/16 me 


quadrat were common. 
LATOUCHE POINT, LATOUCHE ISLAND 
Location and Physical Description 

Latouche Point (lat. 59° 57.1'N, long. 148° 03.4'W) is on the southwestern 
tip of Latouche Island (Fig. 1 and 54 and Sears and Zimmerman 1977, Plate EG-33). 
"The point is exposed to westerly swells, and a great deal of drift accumulates 
along the beachline, especially during early fall and spring. Tidal currents are 
typically moderate to weak in the lee of the point. However, further offshore 
or in Latouche Passage where the water mass is not deflected by land, the 
tidal currents can exceed 2 nautical miles per hour". (Rosenthal et al. 1977). 
Latouche Island was uplifted during the 1964 earthquake; the difference between 


the old barnacle line and the present barnacle line is about 3 m (Fig. 55). The 


sampling area is in the shape of a broad horseshoe bounded on the west by high 
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148° 00' 


Figure 54. LaTouche Point site. 
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Fig.55. Pre-earthquake (A) and present (B) barnacle 
lines at Latouche Pt. Uplift was approximately 3m. 


Taken in June 1976, 
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spruce-covered cliffs, and on the East by hummocky bedrock (Fig. 56). The 
intertidal area is about 200 m broad and is gently sloping. The substratum 
is shale bedrock cut by many deep surge channels with sand and mud bottoms. 
There are several large, deep tidepools which we have never observed to go 
entirely dry. 

Table 1 lists dates and sampling methods used at Latouche. Appendix 1 
lists all species collected there for all sampling visits. 
Dominant Organisms 

In 1975 we established a transect along the west side of the beach in an 
area where large tidepools were common. Figs. 57 and 58 show the distribution 
of selected species along atransect sampled in April and September. We found 
that macrophytes and small invertebrates were abundant. In general the pools 
modified the effect of tidal elevation creating a mosaic pattern of distribution 
of macrophytes. Fucus distichus was most often observed in the high zone above 
the tidepools or on rock tops near tide pools. Dense patches of the surf grass, 
Phyllospadix sp. were associated with the borders or on the sloping sides of 
large tidepools (Fig. 59). Sand had collected among the rhizomes of this plant 
and many polychaete and oligochaete worms, clams, isopods, and amphipods were 
collected with the Phyllospadix plants. Many species of red algae, especially 
Ptilota filicina, and kelps were found at a higher tidal elevation than one 
would expect them to occur, probably because of the effect of surge channels 
and tidepools which reduce dessication at upper levels. 

Most of the invertebrates in our collection were small herbivores, 
(Littorina sitkana, Siphonaria thersites, and Collisella pelta), filter feeders 


(bivalve mollusks including Musculus discors and Turtonia occidentalis), or 


Fig.56. The two undulating white lines indicate the 
boundaries of the main algal zones during the ERIM 

study of 1976. F, Fucus zone; A, red algae and Alaria; 

R, diverse cover of red algae (see text). Taken inJune 1976, 


Intertidal study site at Latouche Point. 
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Fig.59. Phyllospadix growing on the sides of a deep 
tidepool . Taken in April 1975. 
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detrital feeders (amphipods, Cucumaria pseudocurata, and Pagurus hirsuitiusculus), 
often associated with macrophytes. Predators were rare. We found only five 
Nucella (Nucella sp. and N. lamellosa) in our quadrat collections for April and 
September. We collected 12 Leptasterias hexactis in April and only four in 
September. Juvenile sea stars, too small to identity_/ were abundant in September. 
We collected 122 juvenile sea stars in seven quadrats (*=17.4/quadrat) at 
elevations ranging from +2.0 to +4.7 ft (+0.6 to +1.4 m). Mussels and barnacles 
were uncommon along the transect. Most of the mussels collected were less than 
<1.5 cm. Barnacles (Balanus glandula, B. cariosus, and Chthamalus dalli) were 
found on occasional boulders which may be tumbled during storms and on shale 
bedrock which is friable (Fig. 60). We observed denser aggregations of mussels 
and barnacles on stable bedrock outcrops east and west of our sampling area. 

In 1976 we made a qualitative survey on the same beach, as part of a 
cooperative study with the Environmental Research Institute of Michigan (ERIM), 
to determine if multi-spectral scanning by aircraft could be used to determine 
macrophyte distribution and abundance in the littoral zone. A 200-meter transect 
line was run along the east side of the beach and estimates of percent cover were 
made for each meter along the transect. The east side of the beach had many surge 
channels but had fewer tidepools than the west side previously investigated. Fucus 
formed a broad band, about 65 m wide, in the high zone (Fig. 56). Below this band 
a narrow zone of several species of red algae was found; Alaria sp. formed the 


canopy in the lower end of this zone (Figs. 56 and 61). The lowest zone was 


1/ From data sheets of the sorting center of the Institute of 
Marine Sciences, University of Alaska, Fairbanks. 
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Fig.60. Barnacles growing on shale bedrock and on 
boulders. Taken in September 1975, 


Fig.61. Lower and mid-intertidal zone with cover of 
Rhodophycean turf species, Alaria canopy, Laminaria 


in the tide pool and Phyllospadix at the pool border. 
Taken in September 1975. 
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formed of flat peninsulas separated by surge channels. These peninsulas had a 
dense cover of Ptilota filicina, Odonthalia floccosa, Iridaea cornicopiae, 

and Iridaea heterocarpa. The surge channels were filled with the kelps Laminaria 
sp., Cymathere triplicata, and Agarum cribrosum, as well as the subtidal red 

alga Constantinea rosa-marina. 

Rosenthal et al. (1977) have studied sublittoral plant and animal assemblages 
at Latouche Point. 

SQUIRREL BAY 
Location and Physical Description 

Squirrel Bay is a semicircular bay on the southwestern tip of Evans Island 
that opens on the southern entrance of Prince of Wales Passage into Prince William 
Sound (Fig. 1 and Plate EG-34, Sears and Zimmerman 1977). Because of its wide 
mouth much of the bay is exposed to oceanic swell from Blying Sound to the 
southwest, but our sampling site on the south shore near the entrance (lat. 
59° 59' 54"N, long. 148° 08'58"W) was relatively protected from these swells 
(figs 62). 

The site had an especially "hummocky" topography created by boulders in a 
wide range of sizes. A moderate cover of algae on the boulders made the beach 
difficult to traverse. We visited Squirrel Bay in September 1974 only, and our 
collections and observations are limited. 

In the collected quadrats Fucus biomass was highest at and above +6.7 ft 
(+2.0 m) (n=6, mean wet wt. = 265.4 gm, SD=89.5 gm). Within this tidal range 
53% (by wet wt.) of the Fucus plants showed signs of fertility. From +6.1 ft 
(+1.9 m) to +2.7 ft (+0.8 m) Fucus biomass was much less (n=8, mean wet wt. = 
23.9 gm, SD=27.7 gm) and fertile plants occurred in only 25% of the quadrats 


(9% by weight were fertile). 


Syoyik 


Squirrel Bay 


60° 00' 


North Twin Bay 


ELRINGTON ISLAND 


. Elrington~>—~ 


148° 10! 


Figure 62. Squirrel Bay site. 
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The distribution of biota at the site was patchy. This may have been partly 
related to the varied slope and aspect imparted by boulders of a variety of sizes, 
providing a wide variety of habitats, which in the lower zone particularly were 
populated by a rich fauna. Algae in the area were limited to the tops and sides 
of boulders presumably either by herbivores or by the availability of light, the 
lower and undersides of the boulders provided space and shelter for many animals. 
Because of the limitations of the transect sampling method, many of these habitats 
were not sampled. As an example of the diversity of organisms among the boulders 
in the low zone we made field identifications of the following organisms on one 
boulder (about 60 cm in diameter) not on the transect: encrusting bryozoans, 
sponges, four species of anemone (Tealia crassicornis, Anthopleura artemesia, 
Metridium senile, and one unidentified species), a nemertean, the polychaete, 
Spirorbis sp., three species of echinoderm (a brittle star, Leptasterias sp., 
and Pisaster ochraceus), snails (Margarites beringensis and Nucella lamellosa), 
the hermit crab, Pagurus h. hirsutiusculus, a small chiton, Mopalia, and tunicates. 
Appendix 1 lists all species collected in samples from Squirrel Bay. 
ANCHOR COVE 
Location and Physical Description 

Anchor Cove is a 3/4 mile wide recess in the eastern shore of Day Harbor, 
a larger embayment opening into Blying Sound in the Gulf of Alaska (Fig. 1). 
The intertidal survey site is located on the unnamed point (lat. 59° 59'42"N, 
long. 149° 06'06"W) that forms the southern boundary of Anchor Cove (Fig. 63). 
The point is a short bedrock reef of moderate slope. It is bordered on either 
side by near-vertical bedrock substratum (Sears and Zimmerman 1977, Plate EG-36). 


Dates and methods of sampling are listed in Table 1. 
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Fault Pt. p 


149° 05! 


Figure 63. Anchor Cove site. 
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Cape Mansfield 


The distributions of some selected species collected along one transect 
are shown in Fig. 64 for September 1975. Appendix 1 contains a list of all 
species collected on the transects at Anchor Cove. 

There was a striking difference in the pattern of abundance of mid-intertidal 
biota between the spring and fall visits in 1975. This can be seen in Figs. 65, 
66, 67, and 68. In May, a large area of the reef was covered with a dense growth 
of the mussel, Mytilus edulis, over-laying live Balanus cariosus. By September 
the total area of mussel coverage had been reduced by an estimated 80% to a few 
isolated patches on small hummocks and was being replaced by algae (Halosaccion 
glandiforme and Ulva sp). A similar pattern of Mytilus-abundance to that in 
September 1975 was noted a year earlier at the same study area(Figs. 69 and 70). 

The reduction in size of the mussel bed was probably a result of predation 


by the gastropods Nucella lamellosa and N. lima and the sea star Pisaster ochraceus. 


The few remaining mussel patches were surrounded by actively preying Nucella and 
drilled, empty mussel valves (Figs. 66, 67, 68, and 70). Nucella spp. usually 
feed on barnacles (Balanus spp. and Chthamalus spp. (Moore 1938, Connell 1970, 
Dayton 1971, Bertness 1977)). However, Menge (1976) correlated an increase in 

the proportion of mussels, M. edulis, in the diet of Nucella lapillus with an 
increase in the abundance of mussels and that Nucella severely reduces populations 
of mussels in protected situations. 

Predation by Pisaster was not observed as it eats primarily while submerged 
and seeks refuge at low tide (Mauzey 1966). However, Landenberger, (1968) Mauzey 
et al. (1968) and others have shown that Pisaster has a definite preference for 
mussels. Paine (1966) has shown experimentally that Pisaster is of primary 
importance in determining the composition of Aéeky intertidal biota. 

It is not likely that the loss of mussels was the result of other factors such 


as storm damage or predation by mink, crows or sea birds. Storm damage would 
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Fig.65. Anchor Cove, May 1975. Much of the area 
around the two biologists is covered by M. edulus. 


Fig.66. Anchor Cove, September 1975. Showing extent 
of Mytilus coverage (within black line). Location is 
immediately to the left (viewer right) of the people in 

Fig .65). 


S15 y7/ 


Fig.67. Close-up of study area at Anchor Cove showing 
Nucella (mostly N. lamellosa) preying on M. edulis. 

Note also the concentration of Pisaster cchraceus (arrow) 
Taken on 3 September 1975. 


Fig.68. Close-up of one quadrat in Fig .67showing shells 
of Mytilus (arrows) which have been drilled by Nucella. 
Taken on 3 September 1975 by C. Mattson. 
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Fig.69. Study area at Anchor Cove. Taken on 15 September 1974 
by R. Myren. Note wave of Nucella to the right of line 


marking edge of Mytilus patch. 


Fig.70. Close-up of a wave of Nucella from Fig. 69(line 
denotes margin of Mytilus patch). Note several Pisaster 
(arrow). Taken on 15 September 1974 by R. Myren. 


have occurred primarily on the seaward side. This was not the case as 
predation was not oriented with respect to wave impact. Predation by mink, 
crows or sea birds would have been from above, or in a descending direction, 
however, Since the remaining mussels were confined to the tops of hummocks, 
predation must have occurred from below, or in an ascending direction (Figs. 
66 and 69). 

That the mussel bed was so extensive and relatively predator-free in the 
spring can be explained by the habits of the predators. Mauzey (1966) reports 
a seasonal feeding periodicity in Pisaster in which the percentage of feeding 
individuals observed varied from 80% in the summer to 0% in the winter. On 
San Juan Island, Washington Nucella lamellosa moves from lower intertidal levels 
in spring to higher levels in fall as it depletes its primary food source (barnacles); 
most Nucella stop feeding from November through February (Connell 1970). 

GORE POINT 
Location and Physical Description 

Our intertidal station (lat. 59° 13'20"N, long. 151° 01'00"W) was located 
approximately 2 miles northwest of Gore Point, in the entrance to Port Dick 
(Figs. 1 and 71). The beach consists of moderately sloped bedrock overlain by 
a few boulders (Fig. 72; Sears and Zimmerman 1977, Plate EG-46). 

Table 1 shows the dates we visited Gore Point and our sampling methods. 
Figs. 73 and 74 illustrate the distributions of some selected species collected 
along a transect in May 1975 and August 1975. Appendix 1 lists all species 
collected on the transects for all sampling periods. 

The upper intertidal zone (+11 to +13 ft (+3.3 to +3.9 m) was covered by a 
heavy (often 100% coverage) growth of the red alga, Porphyra sp. Also present 
were insect larvae, Balanus glandula, Littorina sitkana and Collisella 


digitalis, none of which were unusually abundant. 
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KENAI PENINSULA 


BOSS 


ALASKA 


150° 55' 


Figure 71 Gore Point site 


Fig.72. Transect line at Gore Pt. in August 1975. The 
floating kelp Wereocystis leutkeana is visible immediately 
offshore (arrows). 
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Below this zone (from +5 to + 11 ft (+1.5 to +3.3 m)), Mytilus edulis and 
the assemblage of inconspicuous microfauna (oligochaetes, polychaetes, flatworms 
amphipods, isopods and small molluscs) among its byssal threads formed a 
discontinuous but dense mat over the substratum. Although Evasterias 
troschelli, Leptasterias hexactis and Nucella lamellosa were present, evidence 
of heavy predation was not observed. 

Below the upper barnacle-mussel zone, Palmaria palmata and Callophyllis 
flabellulata covered extensive areas of bedrock (+3 to +8 ft (+0.9 to +2.4 m). 
Halosaccion glandiforme, Porphyra sp., Pylliella littoralis and Monostroma 
fuscum often co-occurred with Palmaria and Callophylis but were patchy in 
distribution. The barnacle Balanus cariosus, which commonly is a dominant in this 
zone (Dayton 1971) was conspicuously low in abundance. However, the small 
barnacle Chthamalus dalli was distributed extensively in this zone. Dayton (1971) 
has shown that competition for primary space (the main limiting resource in the 
intertidal zone) results in clear dominance heirarchies in which B. cariosus is 
dominant over both B. glandula and C. dalli, and B. glandula is domiant over C. 
dalli. The upper limit of C. dalli is higher than those of Balanus spp. and C. 
dalli is normally excluded only at lower levels where Balanus spp. are abundant. 
The abundance of C. dalli may have resulted from the scarcity of both species 
of Balanus, but our data are inadequate for examining the question. 

Alaria sp. formed a canopy below +3.5 ft (+1.0 m). Cryptosiphonia woodii, 
Pterosiphonia bipinnata, Ptilota sp., Callophylis and Palmaria were abundant. 
Also numerous were Searlesia dira, Katharina tunicata, Modiolus modiolus 


Cucumaria pseudocurata and Musculus sp. Close offshore was a bed of the 


floating kelp Nereocystis leutkeana (Fig. 72). 
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Species Diversity 

We consider species diversity in the broad sense including (1) species 
richness as approximated by average species counts in 1/16 mé quadrats and 
species-area (sample size) curves, and (2) the distribution of individuals 
among species. A number of indices combining these two aspects of species 
diversity have been offered in the literature (see Peet 1974 for a recent 
review). Diversity indices are of dubious value for determining the biological 
mechanisms that are basic to community organization (Hurlbert 1971, Goodman 1975) 
and are insensitive to changes in the character of the distribution functions 
of species abundance in those situations when the functions should be most 
informative (May 1975). We do not use diversity indices here. 

Average species counts 

Species counts in samples from quadrats scraped in September 1975 are shown 
in Table 4. Nearly all samples at most rocky intertidal sites were taken 
between mean high water (MHW) and mean low water (MLW) except at Cape St. Elias 
where all rocky intertidal samples were taken below MLW in September 1975. 

The region between MHW and MLW at all sites was divided into upper and lower 
intertidal zones following Rigg and Miller's (1949) scheme for the outer coast 
of Washington (Table 4). 

Three of our rocky intertidal sites are excluded from Table 4, Port Etches 
and Gore Point because they were not sampled in September, and Cape St. Elias 
because all samples were collected from below MLW, and therefore were not 
comparable to the other sites. Squirrel Bay was not sampled in September 1975; 
data from September 1974 are shown in Table 4. Counts of the following taxa 
are excluded because organisms from them were usually not identified more 
specifically than to phylum or class: Porifera, Cnidaria, Platyhelminthes, 


Nemertea (except Emplectonema gracilis), Oligochaeta, Copepoda, Insecta (except 
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Table 4. Average ae ole of plants and invertebrates in 
quadrats (1/16 m“) at rocky intertidal areas in the 
Eastern Gulf of Rae 


Upper intertidal area Lower intertidal area 
Number of Number of 

Site quadrats Species count quadrats species count 

N rs sD N # sD 
Ocean Cape 5 10.4 2.5 6 oe7 5 
Cape Yakataga 18 14.4 3.4 1S 15 4.] 
Katalla Bay 9 8.8 3.8 20 13.4 4.4 
Zaikof Bay 16 15 5.6 16 25.9 607 
Macleod Harbor 13 14.2 4.5 WA 19.5 6 
Squirrel Bay 9 852 Bee 8 14.9 Ths) 
Latouche Point 9 18.9 7.6 19 32, 8.3 
Anchor Cove 8 19.4 4.2 26 . 2502 6.9 
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Anurida maritima), Acarina, Sipuncula, Bryozoa and Ascidiacea. 

Highest species counts both in the upper and lower intertidal areas were 
recorded at Anchor Cove, Latouche Point and Zaikof Bay (Table 4). These 
three sites are relatively exposed to open ocean swell. Increased wave 
exposure raises the "effective wetting level" (Lewis 1964) of the sea and 
consequently the upper limits of marine organisms. Therefore, one might 
expect more species to occur at higher levels in the intertidal region on 
exposed shores. Nevertheless, relatively low species counts were recorded for 
the exposed sites, Ocean Cape and Cape Yakataga. There, frequent disturbance 
by wave-induced boulder movement and ice and sand scouring may offset the 
"diversifying" effect of increased exposure, but the nature of our studies 
did not allow an adequate examination of other factors which could affect species 
richness such as competition and predation. Intense predation on populations 
of M. edulis by P. ochraceus was noted at Anchor Cove and Zaikof Bay (but not 
Latouche Point), whereas large predatory starfish appeared to be uncommon at 
Ocean Cape and Cape Yakataga (see descriptions of sites earlier in this section). 
Predation by Pisaster has an important diversifying effect on an intertidal 
community (Paine 1966; see earlier site descriptions of Anchor Cove and Zaikof 
Bay). Therefore, the presence or absence of large predatory starfish may 
influence species richness at our sites to a great extent. 
Species area curves 

To study species richness and species abundance relations more closely 
we examined associations of organisms found at about mean tide level (MTL; 
+],.5- +2 m in the eastern Gulf of Alaska depending on the locality) because on 
the average the sea-surface passes this level more frequently than any other 


intertidal level. This level would therefore be expected to be contaminated 


368 


more frequently than any other by oi1 floating on the sea after an oil spill 
(although wave action would probably cause the oi] to be mixed to levels well 
below the sea-surface). Specifically we considered data from plots dominated 
either by Mytilus edulis or Fucus spp.. These two species overlap nearly 
completely in vertical range (+1 m to +3.3 m) at our study sites, although 
Fucus spp. was usually found both above and below Mytilus. 

Fucus and Mytilus were considered to dominate when their wet weights 
exceeded 110 gm and 600 gm respectively. Comparisons of data on wet weight and 
percent cover from Anchor Cove indicated that percent cover of Mytilus edulis 
and Fucus spp. exceeded 80% when wet weights exceeded 110 gm and 600 gm. Using 
these criteria an adequate sample size (n25) was available from three sites, 
Ocean Cape, Zaikof Bay, and Anchor Cove. However, only at Zaikof Bay did the 
sample size approach that required to include all species in the assemblage 
(the taxa excluded are the same as those excluded from the mean species counts) 
associated with each dominant (Fig. 75). There was not an adequate number of 
Fucus dominated plots collected at Ocean Cape. In order to obtain an adequate 
sample size for Anchor Cove and Ocean Cape samples from September 1974 and 1975 
were lumped. 

The slopes and heights of the species-area curves for mussel-dominated plots 
at Anchor Cove and Zaikof Bay were greater than those for Ocean Cape (Fig. 75). 
The Smirnov test (Conover 1971) of the empirical species-area distributions 
showed that the tendency for the cumulative species counts to exceed those of 
Ocean Cape was significant for Zaikof Bay but not Anchor Cove (Table 5). As 
noted above, the species-area curve for Anchor Cove shows no indication of leveling 
off (Fig. 75). Therefore, the species association on Mytilus-dominated plots was 


not adequately sampled there. These results support the conclusion that species 
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Table 5. Smirnov test of differences in species-area 
curves in plots dominated by Mytilus edulis 
or Fucus spp. at Anchor Cove, Zaikof Bay, 
and Ocean Cape. 


Contrast Test Statistic* Sample Size Significance 
a) NI NZ 
Mytilus 
Anchor Cove vs 
Ocean Cape - 400 5 7 MeSic 


Zaikof Bay vs 
Ocean Cape 875 7 8 p < .005 


Fucus vs Mytilus 
Anchor Cove .200 5 7 n.s. 


Zaikof Bay .659 8 p < .025 


* All tests are one-sided. 
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richness in the upper intertidal at Zaikof Bay (and probably also Anchor Cove) 
is greater than that at Ocean Cape. 

Fig. 75 shows that the slopes and heights of the species-area curves for 
plots dominated by Mytilus at Zaikof Bay and Anchor Cove were greater than for 
those dominated by Fucus at the respective sites. This difference was significant 
for Zaikof Bay but not Anchor Cove (Table 5; the difference could not be tested 
at Ocean Cape because only two plots met the criteria for Fucus-dominated plots). 
An inadequate sample size (Mytilus-dominated plots) may have been responsible for 
the lack of significance in the test of the species-area curves of Mytilus-vs 
Fucus-dominated plots at Anchor Cove. 

Species abundance relations 

Dominance-diversity curves (Whittaker 1965, 1970, 1972) were used to study 
species-abundance relations among subdominants in Mytilus-and Fucus-dominated 
plots at Anchor Cove, Zaikof Bay, and Ocean Cape (Figs. 76 to 80). The curves are 
constructed by plotting the importance (in terms of abundance, biomass or 


productivity) of a species on the "y" axis opposite its respective rank on "x 

axis. Species are ranked from most to least important on the "x" axis. 
Subdominants were divided into large and small species based on the wet 

weight of an average adult; the dividing line was one gram. We distinguished 

between large and small species because a priori the former, because of their 

large body size, might be expected to suffer in competition for space with the 

dominants (Mytilus and Fucus), whereas the latter would "view" the holdfast, 

Stipe and fronds of Fucus and the complex network of byssal threads and accumulated 

sediment beneath the shelter of Mytilus shells as elements of their physical 

environment. The hypothesis is that because of the different growth forms of 


the community dominants and the mechanisms by which they acquire and secure 


primary space (rock substratum) they will differ in their effect on subdominants, 
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Figs. 76 and 77. Relationship between relative importance (abundance 
or biomass expressed as a percentage on a logarithmic scale) and rank 
of large and small subdominants in plots dominated by Fucus (Fig. 76) 
or Mytilus (Fig. 77) at Anchor Cove, Alaska. 
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’ Figs. 78 and 79. Relationship between relative importance (abundance 
and/or biomass expressed as a percentage on a logarithmic scale) and 
rank of large and small subdominants in plots dominated by Fucus 
(Fig. 78) or Mytilus (Fig. 79) at Zaikof Bay, Alaska. 
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and that the difference should be reflected in the species abundance relations 
among subdominants. 

Mytilus can completely blanket primary space and would be expected to have 
a greater negative effect on large subdominants than Fucus which has a small 
holdfast and a long narrow stipe. The holdfasts of adult Fucus usually do 
not pack primary space. Fucus would not be expected to adversely affect large 
subdominants other than those negatively affected by shading or whiplash 
(Dayton 1971, Menge 1976). 

Wet weight was used as a measure of importance among large subdominants 
in Figs. 76 to 80. Dominants (Mytilus and Fucus) were not included in the 
statistical analyses involving those plots which they were considered to dominate 
(e.g. Fucus was excluded from the analyses of Fucus-dominated plots). Curves of 
dominance-diversity among subdominants with and without dominants are shown 
in Figs. 78 and 79 for comparison; they are nearly identical. 

The results from Anchor Cove tended to support the hypothesis. The curves 
for large subdominants in Mytilus-dominated plots show a lower species richness 
and greater concentration of dominance than those in Fucus-dominated plots 
(Figs. 76 and 77). However, the differences between the empirical distribution 
functions of the two curves was not significant (Table 6). Data from Zaikof Bay 
did not support the hypothesis (Figs. 78 and 79). 

Abundance and wet weight were used as measures of importance of small 
subdominants in dominance-diversity curves for Anchor Cove and Zaikof Bay 
respectively (Figs. 76 to 79). In addition, curves of wet weights were drawn 
for the subdominants of Anchor Cove (not shown in Fig. 76). The curves of 
abundance and weights had the same form. Weights were used in the statistical 
analyses. 

Species richness of small subdominants tended to be greater in Mytilus 


dominated plots than in Fucus dominated plots at Anchor Cove and Zaikof Bay, 
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Table 6 . Smirnov test of the differences in the empirical 
distribution functions of individuals among 
species in plots dominated by Mytilus and Fucus 
at Anchor Cove and Zaikof Bay. 


Contrast Test Statistic Sample Size Significance 
NI N2 


Large subdominants 
Mytilus vs Fucus 
Anchor Cove .210 16 22 Nes. 
Smal] subdominants 
Mytilus vs Fucus 
Anchor Cove .228 36 30 MoS 
Zaikof Bay .065 38 33 n.s. 
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but the form of the species-abundance curves was the same (Figs. 76 to 79). 
The Smirnov Test showed no significant difference between the curves for 
Fucus and Mytilus at either site (Table 6). 

Multispectral Scanning 

In June 1976 we began a cooperative study with the Environmental Research 
Institute (ERI) of Michigan to evaluate multispectral scanning (MSS) as a tool 
for mapping the distribution and abundance (aerial coverage) of littoral 
macrophytes from the air. Our role in the study was to map the vertical 
distribution of canopy macrophytes in the intertidal region and to compare the 
results with aerial MSS images of the region. Three sites were overflown 
during this study: Zaikof Bay, Latouche Point, and Cape Yakataga. At Latouche 
Point we used aluminum foil to delineate the boundaries of major zones dominated 
by macrophytes and to outline prominent landmarks prior to the scheduled over- 
flight of the MSS aircraft. Unfortunately the aircraft did not arrive as 
scheduled. The flight was completed 2 weeks later without the benefit of ground 
markers. 

In August 1977 S. Zimmerman and J. Hanson met with ERI scientists in Ann 
Arbor, Michigan and assisted in selecting pure spectral signatures of major 
environmental features such as water, spruce trees and distinct algal zones 
to act as standards for "training the computer", and to evaluate the classifi- 
cation of spectral signatures by the computer by comparing them with data from 
field observations. 

The results were inconclusive. Interpretation of the MSS data was limited 
because there were no ground markers, the tide was not low enough, and the sky 


was overcast when the data were collected. The spectral signatures of major 
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earth features such as water and spruce trees could be classified reliably, 
but the main objective of mapping the distribution and relative abundance of 
littoral macrophytes was not accomplished. Successful accomplishment of this 
objective will depend upon simultaneous collection of MSS and ground truth 


data. 
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Vite? DESEUSSTON 

Changes in species diversity measured in one way or another are commonly 
used to study the effects of human activities on natural communities (Jacobs 
1975 reviews several studies). We consider two components of species 
diversity, species richness and the distribution of individuals among species: 
emphasizing especially the relationship between dominants and the diversity 
of subdominants in the intertidal community at upper levels. An understanding 
of this relationship is important to the study of the effects of perturbations 
(e.g. oi] spills or shoreline development associated with offshore oi] drilling) 
on intertidal communities if the degree to which potential community dominants 
can monopolize primary space differs from species to species and is functionally 
related to the diversity of subdominants. If this relationship exists then the 
effect of a perturbation on the diversity of a community would depend on which 
species dominates the community and how the perturbation affects the interactions : 
between dominants and subdominants. Ultimately we would want to know what 
factors control populations of the community dominants. 

Although higher species counts and higher and steeper species-area curves 
tended to be associated with relatively exposed bedrock sites where the 
frequency and scale of physical disturbance is low (Anchor Cove and Zaikof Bay) 
as opposed to exposed sites where physical disturbance is frequent and widespread 
(Ocean Cape and Cape Yakataga), the design of our study was inadequate for 
completely assessing the mechanisms controlling species diversity at these 
sites. Biological interactions (especially predation) may be important and were 
not adequately taken into account. 

The relationship between the growth form of community dominants and the 


diversity of subdominants is not clear. Species richness (empirical distribution 
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function of the species-area curve) was significantly greater in Mytilus- 
dominated plots than in Fucus-dominated plots at Zaikof Bay. Comparison of 
species-abundance patterns of large and small subdominants tended to indicate 
that the diversity of small subdominants was responsible for the difference 
but the trends were not significant. Similar trends were found for Anchor Cove, 
but none of the statistical tests were significant. An inadequate sample size 
at Anchor Cove is probably responsible for the lack of significance of at least 
one statistical test (of differences in species-area curves) of these trends. 
There is little evidence to support the hypothesis that Mytilus has a greater 
negative effect on large subdominants than does Fucus. Large subdominants in 
Mytilus-dominated plots tended to show lower species richness and greater 
concentration of dominance than those in Fucus-dominated plots at Anchor Cove, 
but the results were not significant. There appeared to be no difference in 
Slope or form of the species-abundance curves for Mytilus vs Fucus at Zaikof Bay. 
VIII Conclusions 
1. Frequent and widespread physical disturbance from boulder movement and ice 
scouring at Ocean Cape and Cape Yakataga offset the tendency for increased 
species richness in exposed localities. (Tentative) 
2. Total species richness tends to be greater in patches of intertidal area 
dominated by Mytilus than in patches dominated by Fucus in the eastern Gulf of 
Alaska. (Preliminary) 
3. Small species tend to be greater in number and show a greater evenness in the 
distribution of individuals among species in Mytilus- vs Fucus-dominated areas. 
(Preliminary) 
4, Mytilus as a dominant competitor for space does not appear to have a greater 
adverse effect on associated larger subdominants through competition for 


primary space than does Fucus. (Preliminary) 
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5. The success of multispectral scanning (MSS) imagery for mapping the 
distribution of intertidal macrophytes requires the simultaneous collection 
of MSS and "ground truth" data. (Reasonably firm) 
IX. Summary of Fourth Quarter Operations 

A. No field trips were scheduled. The number and types of data analyses 
done this quarter are discussed in the methods and results sections of this 
report. 

Milestone chart and data submission schedules 


Milestone Submission schedule 
Soar at aa Proposed Actual 


Completion of processed report on the 


Western Gulf of Alaska (Kodiak Island area) January 1978 April 1978 

Submission of rest of 1975 data to NODC February 1978 April 1978 

Completion of annual report with 

emphasis on EGOA April 1, 1978 - April 7, 1978 

Submission of data from St. George 

Basin to NODC July 1, 1978 

Completion of Quarterly Report with 

emphasis on St. George Basin July Ty 1978 

Submission of data from Bristol Bay to NODC October 1, 1978 

Completion of Quarterly Report with 

emphasis on Bristol Bay October 1, 1978 

Submission of data from Norton Sound to 3 months after reception of data 

NODC from Institute of Marine Sciences 
(IMS) 

Completion of Quarterly Report with In that quarter which occurs 3 

emphasis on Norton Sound months after reception of data 
from IMS 


Justifications of Slippages 
The completion of the processed report on the Western Gulf of Alaska (Kodiak 


Island area) was delayed because of unexpected resignations and resultant 
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shortages in clerical staff. Submission of rest of 1975 data to NODC was delayed 
because of unanticipated difficulties with the emulators of the computer system 
used for OCS data and increased restrictions on access to that system. 

B. Problems encountered/recommended changes 

Broad surveys of intertidal communities aiming to characterize representative 
communities on the basis of the distribution and abundance patterns of component 
organisms with the hope of predicting community composition at unstudied locations 
are of dubious value as baseline studies for assessing the effects of human 
activities on natural communities. At best they provide a static view of some 
community attributes. Attempts to ask of the data from such surveys specific 
questions which might provide insight into those factors controlling community 
structure are often frustrated because the sampling programs are so broadly 
conceived that specific hypotheses cannot be adequately tested. 

We need to take a more dynamic view of intertidal communities, to examine 
community organization and what controls it, in order to predict how oil or 
oil drilling activities will affect community structure. We have proposed studies 
to examine controlling mechanisms in intertidal communities with the ultimate 
goal of experimentally testing hypotheses in the field, but because of cuts in 
funding our proposal was not accepted. We are convinced that a more direct 
approach (involving the formulation and testing of specific hypotheses) to the 
question of how oi] and gas development will affect the organization of nearshore 


communities is needed and urge that such an approach be adopted. 
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Appendix 1. Presence (x) or absence (blank) of species 
of plants, invertebrates, and fish in the 
rocky intertidal area at eleven sites in the 
eastern Gulf of Alaska. 
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Ulothrix sp. 
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Cladophora flexuosa 


Cladophora gracilis 


Cladophora seriacea 
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~ Spongomorpha sp. 


Spongomorpha_mertensii 


Spongomorpha_ spinescens 


Codium fragile 
Halicystis ovalis 
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Appendix 1 . Continued 


SPECIES 


CRYSOPHYTA-continued 
Isthmia nervosa 


Navicula_sp. 


PHAEOPHYTA 
Ectocarpales 
Ectocarpaceae 
Ectocarpus sp. 
Ectocarpus parvus 
Ectocarpus siliculosus 

ctocarpus simulans 
Pylaiella littoralis 
Ralfsiaceae 
Ralfsia sp. 
Ralfsia fungiformis 


Ralfisa pacifica 
Sphacelaria sp. 


Sphacelaria subfusca 

Elachistea fucicola 

Leathesia difformis 
_Haplogloia andersonii 


Chordaria sp. 
Chordaria flagelliformis 


i 


S ean 


FEL 


<| x< 


x< 
x< 


= elaea i 


ee fen ee 


Analipus japonicus X 
Desmarestia aculeata 
oranthera ulvoidea 
X 


Melanosiphon intestinale 
Petalonia sp. 
Petalonia fascia 
~Colpomenia bullosa 
Phaestrophion irregulare 
“Scytosiphon sp. a ae 
Scytosiphon lomentaria { | 
Coilodesme sp. | eS 
Laminaria sp. f | 
iL 


Laminaria groenlandica 
_ Laminaria saccharina 

Laminaria setchellii 

Laminaria yezoensis 
_Alaria sp. 

Alaria crispa 


(i . = 
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Appendix 1 . Continued 
SIMES 


4 iS 
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re 
| ot 2] 
~a 
“+f So 
ie 
Tal |S 
SPECIES Nt &, 
PHAEOPHYTA-cont inued He Le ee 
Alaria nana X 
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Fucus sp a a 
Fucus distichus Paibpira 
Fucus spiralis a er 
Cystoseira geminata -—} 
RHODOPHYTA 
Erythrotrichea sp. ace eee 
Erythrotrichea carmea oa ers ee 
Smithora naiadum a ee aes 
Bangia fuscopurpurea a ee ea ear 
rorphyra sp. X 
Porphyra perforata Weel 
Porphyra smithii — 
crochaetium sp. x x 
Acrochaetium pacificum bf -be pb HS 
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ryptosiphonia sp. | roe 
Cryptosiphonia woodii ae X rea 
ilsea californica X 
Dumontia incrassata X — 
Farlowia compressa — 
Constantinea sp. X 
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Appendix 1 . Continued 


Ocean Cape 


SPEGEES 


RHODOPHYTA-continued 
Bossiella sp. _ 
Bossiella californica 
Bossiella chiloensis 
Bossiella plumosa 
Serraticardia macmillani 
Corallina sp. 
orallina officinalis 
Corallina vancouveriensis 
~Corallina frondescens 
“Lithothamnium sp. 
“tryptonemtaceae 
Prionitis sp. 
Prionitis Tanceolata 
Pugetia fragilissima 
Callophyllis sp. 
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Ahnfeltia plicata 
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Gigartinaceae 

Gigartina sp. 

Gigartina papillata 
Gigartina agardhii 
Gigartina latissima 
“Gigartina stellata 
“Tridaea sp. 
_Iridaea cordata 

Iridaea cornucopiae 
Iridaea heterocarpa _ 
Iridaea lineare 
Rhodoglossum californicum 
~Rhodymeniaceae 

Fauchea laciniata 
Halosaccion glandiforme 
Rhodymenia liniformis 
Rhodymenia sp. 
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Appendix 1 . Continued 


SITES 


SPECIES 


RHODOPHY TA-continued 
Palmaria palmata 
Rhodymenia pertusa 
Ceramiaceae 
Antithamnion sp. 
Antithamnion dendroideum 
Antithamnion kylinii 
Antithamnion simulans 
Antithamnionella pacifica 

cagelia occidentale 


Hollenbergia nigricans 
Callithamnion pikeanum 
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Microcladia coulteri 
Ptilota sp. 
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Appendix 1 . Continued 
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RHODOPHYTA-continued | 
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Me SPECIES, 
NEMATODA 
Nematoda 
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Continued 
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Appendix 1 . Continued 


STMES 


SPECIES i 
ANNELIDA-continued 


Eusyllis blomstrandi \ | x 
Exogone sp. ee ee eee : 
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Appendix 1. Continued 


SPECIES 


“ANNELIDA-continued 
Lumbrineris zonata 
Lumbrineris japonica 


Lumbrineris inflata 


Haploscoloplos elongatus 


Naineris sp. 


Naineris dendritica 
aineris quadricuspida 
Naineris laevigata 


Aricidea suecica 


Tauberia gracilis 
Spionidae 
Polydora sp. 


Polydora ciliata 


Prionospio cirrifera 


Spio filicornis 
Boccardia sp. 


Boccardia columbiana 


Boccardia natrix 


Boccardia proboscidea 
Spiophanes bombyx 


Spiophanes cirrata 


Rhynchospio Sp. 


Pygospio sp. 


Pygospio elegans 


Cirratulidae 
Cirratulus cirratus 


Caulleriella sp. 


Tharyx sp. 


rada V1110Sa 


Pherusa papillata 


Ophetiidae 


Ammotrypane aulogaster 
Armandia brevis 


Ophelia Timacina 


Capitellidae 


Capitella sp. 
Capitella capitata 


Heteromastus filiformis 
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ANNELIDA-continued 
Maldanidae { 
Nicomache lumbricalis eee 
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Axiothella rubrocincta j ppt |p Be 
Praxillella affinis Pa ere eral 
~Owenia fusiformis a a ee a ee ee 
Myriochele heeri ee ae a ee | 
Cistenides brevicoma ee A ee eee 
Pectinaria belgica ‘Ee aes ieee a ae eS 
~Ampharetidae Ee eae ee ee ee 
Ampharete arctica ee ee ae ee ea 
Asabellides sibirica Ga en b= 


Nicolea zostericola Rete eras 
“Polycirrus caliendrum 

Polycirrus medusa 
“Terebellides stroemi 

Sabellidae 

Chone gracilis 


| 


X 
Chone infundibuliformis eee ae ee eee ee! 
Potamilla sp. eae a ee ee 
Potamilla neglecta pk) SEN pe eS ea 
Pseudopocamillarenitormis ' fox: joe sfc [Ue Ie pe ef cee a a 
Schizobranchia insignis — x [5 Poke lobe | S| Aaa 
Amphiglena pacifica | Peale eed era 
“Fabricia sabella 4 ee x 
Fabricia minuta 2 es ee ee ee a ee ee 
Fabricia pacifica a ee ee ee elk 
Fabricia crenicollis | x (ele ~— pe he 
Laonome sp. - ite fiat a x elec 
Serpulidae Oe a Lt txt 
Serpula vermicularis 4 ae biel = 
Laeospira granulatus ie aE ee a ee ee 
Dexiospira spirillum oe ee Se Bee TRO RS 
OTigochaeta e Gears an | x Ket x 
Enchytraidae Sse | A Wea oh oe Tea he een | eat ex | Kalo 
eds ia | 

MOLLUSCA 1 i: iz eee | cf ee 
Mollusca ; txt eee Ran ene X 
Polyplacophora doy lox eee Be ee ee 


| 
| 


1 Banse = Potamilla intermedia (Moore) 

2 Banse = Oriopsis minuta (Berkeley and Berkeley ) 
3 Banse = Fabriciola berkeleyi Banse 
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Appendix 1. Continued SITES 


if 
P=) 
% Ssh 
wo Q a 
St eo fae no x Beh SOMES 
1728/3; 2] 8] aj 2 Sf = 
ig of RRO vas a fe foe pas 
Ho SM at i ts rey ee ASI Mesa PATS he PN eS 
ET OLE EGE aes y be SOs Se Spo 
4 o WwW Ee —~ c= jo) = eB) 
Hi of ws OS] wv ca oO Soe fz 
Af OF Qq oy st oO wo us} sr es s S 
7WCOq Sax aL [ROSIN es fi cy GS 
__ SPECIES | ; 
MOLLUSCA-continued | | 
Cynoplax sp. x 
Cynoplax dentiens taal hel ex a ee 
_Tonicella lineata i x leper ese RSS 
Tonicella_marmorea 4 x [ 
Tonicella rubra i | Xx 
| lax 
X 


Dendrochiton thamnopora 
atharina tunicata 
Mopalia sp. 
Mopalia cirrata 
Mopalia ciliata 
Mopalia Tignosa 
Mopalia_muscosa 
Mopalia sinuata 
Schizoplax brandtii 
Hanleya hanleyi 
Pelecypoda 
Nucula tenuis 
Nuculana pernula 
Mytilus edulis 
Musculus sp. 
Musculus niger 
Musculus discors 
Musculus vernicosus 
Dacrydium sp. 
Modiolus modiolus 
Pododesmus macroschisma 
Axinopsida serricata 
Mysella planata 
Turtonia minuta 
Turtonia occidentalis 
Saxidomus gigantea 
_Protothaca sp. 
Protothaca staminea 
Macoma sp. ; 
Macoma balthica 
“Mya sp. 
_Mya arenaria 
Cyrtodaria kurriana 
Hiatella sp. nd 
Hiatella arctica 
Hiatella striata 


| 


x 


ca = 


ele 
| 


p< 


1 
pod tee dL tl 


x< 
x< 


| 
| 


| 


| 


= |S ee Gea eral a] ae 
| ; i] 
Bade 


Appendix 1. Continued 


JOP SPECIES 
MOLLUSCA-continued 
Entodesma saxicola 
Thracia sp. 
Gastropoda 
Puncturella sp. 
Puncturella cucullata 
Acmaeidae 
Acmaea sp. 
Acmaea mitra 
Acmaea rosacea 


—corlisetta spe eae 
Collisella pelta 4 X TE OX lee |e r loan es 
_Collisella digitalis ix X els 
Collisella ochracea ie ae 
_Notoacmea Jtum ae ae 
Notoacmea_ persona | ee er eee 
Notoacmea fenestrata 


Cryptobranchia alba 
Calliostoma ligatum 
Margarites sp. 
Margarites olivaceus 
Margarites helicinus 
Margarites pupillus 
Margarites succinctus 
Margarites beringensis 
~Littorina sitkana 
Littorina scutulata 
Littorina saxatilis 
Lacuna sp. : 
Lacuna carinata 
Lacuna variagata 
Lacuna marmorata 
Lacuna vincta 
Alvinia sp. 
~Alvinia aurivilli4 
Alvinia compacta 
Cingula_ sp. 
Barleeia sp. 
Barleeia haliotifila 
Barleeia subtenuis 
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Appendix 1. Continued 


ape 
che Yakataga 


Ocean ca, 


SPEGRES 

MOLLUSCA-continued 

Bittium sp. 

Bittium munitum 

Cerithiopsis sp. 

Cerithiopsis stejnegeri 
_Cerithiopsis stephansae 

Crepidula sp. 

Crepidula nummaria 


Trichotropis insignis 


Trichotropis cancel lata 
Natica clausa 
Velutina sp. 
_Fusitriton oreqonensis 
Ocenebra interfossa 
“Urosalpinx Turida 
Trophonopsis multicostatus 
Nucella sp. 
Nucella canaliculata 
Nucella lamellosa 
Nucella lima 
Buccinum sp. vine 
Buccinum baeri 
Searlesia. dira 
Amphissa columbiana 
Mitrella sp. 
Mitrella rosacea 
Mitrella_tuberosa 
Mitrella gouldi 
Nassarius mendicus 
Odostomia sp. 
~Odostomia hagemeisterj 
~Turbonella sp. 


Pree | | | [aie 3 [ Oe : 
x 


prs aS Enero free reer PY BT oS 


|X | 
i} 1 
| 


«LX aL 4 A ~< 
Siieie 
ele: 
=< 4 <| >< 
ete eee 
| 
| 


fellas 


Cylichna_ alba aa 
Dorididae 
Acanthodoris sp, : 
Onchidella_ borealis 
Siphonaria thersites 
Aglaja diomedeum _ ; 
Granulina margaritula _ 4 


SS 
| | 
| 

| <| >< 


i 


| 
aon 
Fecaoai| Saba] Genac| mean} 
| |>< 
ba ef Soe Pes De 
x< 
| x 
(cal Geet 
| [</> x} 
{ 
\ ae 
— 4 
| i 
[>< >< 
eee Os =I 
asl Pat 
poems 
| 
| 
i] 
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Appendix 1 Continued 


ei SPECIES 
ARACHNIDA 
Acarina 
Od idld idae 


Pseudoscorpianida 
Pycnogonida 


Epa 
Phoxichilidium quadradentatum | | 


Phoxichilidium femoratum 
Ammothea sp. 

Ammothea alaskensis 
Ammothea gracilipes 
Ammothea latifrons 
Ammothea pribilofensis 
Acnelia chelata 


Achelia borealis 
Pycnogonidae 


CRUSTACEA 
Platycopa 
Harpacticoida 
Peltidaidae 
Calanus sp. 
Calanus plumchrus 
Metridia lucens 


ce 
Pet 
re] 
ree 


: 


a 


ae aa 


a 
x< 
=< 


Thoracica 


Balanidae 

~Balanus sp. 
Balanus balanoides 
Balanus cariosus 
Balanus crenatus 
Balanus glandula 


ae 
| bs 
ea 


x<| 


x 


Balanus nubilis 


Balanus rostratus 


Chthamalus dal]i_ 


x< 
x 
x< 
x< 


Mysidacea 
Mysis Sp. 
Eudorella emarginata 


| X< 


Diastylis sulcata 


Campylaspis Sp. 


Campylaspis verrucosa 


Campylaspis affinis 
Cumacea 
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Appendix 1 . Continued 


SPECIES 
RUS TACEA-continued 
Cumella sp. 


Tanaidacea 

Tanaidae 

Isopoda 

Synidotea sp. 

ynidotea ritterii 
Pentidotea resecta 
rentidotea wosnesensk11 
Idotea fewkesi 
phaeromatidae 
norimosphaeroma oregonensis 
Exosphaeroma sp. 
Exosphaeroma amplicauda 
Dynamenella sp. 
Dynamenella sheareri 
aniropsis k. kincaidi 
Munna sp. 
Munna stephenseni 


| 


xX 


Munna chromatocephala 
Amphipoda 


Odius carinatus 


Ampithoe sp. 
Ampithoe similans 
mpithoe lindbergi 
AtyTus sp. 
Calliopiidae 
Oligochinus lighti 
Calliopiella pratti 


mS [KK [>< [>< | OK LO 


Corophiidae 


Corophium sp. 
Eusiridae 


> 


| 
EE 
x< 


Paramoera sp. 
Paramoera columbiana 


Pontogeneia sp. 


Gammaridae 


Anisogammarus sp. 


Anisogammarus subcarinatus 


Melita sp. 


Eohaustorius washingtoniensis 


sy 


Pontoporeia sp. 
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Appendix 1 


SPECIES 


CRUSTACEA-cont inued 
_Najna_conciliorum 


Hyalidae 

A 

Allorchestes maleoly 
Allorchestes angustus 
Hyale sp. 


Hyale rubra 
Hyale grandicornis 


Continued 


SITES 


Parallorchestes sp. 
Parallorchestes ochotensis 


Photis sp. 


Photis brevipes 
Photis spassk11 
Photis bifurcata 
Protomedeia sp. 
Protomedeia fasciata 


| 


Ischyrocerus sp. 


Ischyrocerus anguipes 


Jassa sp. 


Jassa pulcella 


Anonyx sp. 
Oedicerotidae 


Pleustidae 


ELL 


Parapleustes sp. 
Parapleustes nautilus 


Parapleustes pugettensis 

Pleustes sp. 

Pleustes panopia 
enopleustes uncigera 


~Podoceridae 


Stenothoidae 


Metopella_ sp._ 


Metopelloides sp. | 


Caulloramphus spiniferum 


Talitridae 


“Parathemisto libellula 


Caprellidae 


“Decapoda 


Heptacarpus brevirostris 
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Appendix 1 Continued 


BeeSPECTES | 
CRUSTACEA-continued 
_Callianassa sp. 
Paquridae 
Pagurus sp. 
Pagurus beringanus 
Pagurus h. hirsutiusculus 


Kata Ila fee 


cl Ocean Gyre 
| cate Vansee 


+ 


Chionoecetes sp. 
Pugettia gracilis 
Cancer productus 
Cancer oregonensis 
Telemessus cheiragonus 


INSECTA 
Insecta 


x< 
x< 


Anurida maritima 


Diptera 
Chironomidae 


Bune 
| >< 

x< 

x| 
EE 

x< 


=| x 


~Culicidae 


+ 


Dolichopodidae 


Coleoptera 
Staphinidae 


SIPUNCULIDA 


| 


|x x< 
><) OOS) OX 


Be 
las 


Tt 


Sipunculida 


x< 


ECHUROIDEA 
Bonelliopsis alaskana 
Echiurus e. alaskanus 


HEL 


ise ta 


t 


x< 
x< 


BRYOZOA 


Bryozoa 


x< 


Membranipora_membranacea 


es elas ee 
| x< 


Terminoflustra sp. 
Terminoflustra 


_mMembraceotruncata 


Cauloramphus spiniferum 


_Callopora sp. 


Callopora lineata 
Tegella robertsoniae 


eCEL mek 


Microporina sp. 


ea 
| kes x |x 

lease aa eticelae peak hee 
\ Se 
Peele 

x x 
5< | 


t= 
| 


Appendix 1 . Continued 


= SPECIES 
BRYOZOA-continued 
Microporina borealis 
ricellaria occidentalis 
Dendrobeania_lichenoides 
Hippothoa cornuta 
Hippothoa hyalina 
Hipplodiplosia sp. 
Microporella sp. 
Microporella cribrosa 
Microporella vibraculifera 
ryptosula pallasiana 
agenipora socialis 
Costazia sp. 
Costazia surcularis 
ostazia ventricosa 
Costazia robertsoniae 
yriozoum coarctatum 
Myriozoum subgracile 
Myriozoella plana 
Diaperoecia sp. 


Cd ) 
isea occidenta 

Heteropora sp. 
Borgiola pustulosa 
Disporella sp. 
Alcyonidium sp. 
Alcyonidium pol youm 
Flustrellidae 
Flustrella sp. 
~FTustrella corniculata 


SITES 


Ocean 


oe | 

i es 

[ig 

aa 

a 

apa iea ey 

eae eae 

ESS X 

Peteiaaiars 

y | X 

ee ese ee 

Berean 

eae eee 

Pee es eee: 
at 

inal 

am 

ee x x 

+4 

t+} he pe RE 
Se ee ee ee Se ea 
eo ee aay ER Ee ae 
oa eee ee a 


Bowerbankia imbricata 


BRACHIOPODA 
Terebratalia transversa 


i 


—~}——| 


ECHINODERMATA 


Asteroidea 


Henricia sp. 
Henricia leviuscula 


in 
x<| >< { 
x< 


ear 
ie 
| 
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Appendix 1 . Continued 


Cove 
Int 


POURT LTT RTL LTT RRR [cores 
= 


Anchor 


SPECIES 


ECHINODERMATA-cont inued 
Evasterias troschelii 
Leptasterias sp. 
Leptasterias groenlandica 
Leptasterias hexactis 
Pisaster ochraceus 
Pycnopodia helianthoides 

trongylocentrotus | eel PRS (ipa ess (ae 
droebachiensis oT | [x [x [x [x [x] Tx! 

Sujongy locentrotus-purpuratusy, [> [joj | oh. fo 


Uphiuroidea (Goan J (ce ioctl [Soke Gea oars eee ae | 
Cucumaria sp. [Eos a ee a ae ae Ps et Lee) 
Cucumaria pseudocurata ieee ad Sa ee nme 
(Ba re De te ee ee 
UROCHORDATA Bie epee pn ke eee (| a 
Urochordata pei lee ee 
TELEOSTEL isan Bean Goma 
Teleostei feared eee (ear fies eee fees 
Clinocottus acuticeps (asst Panigeel iB Paneae eerase co-San| ae 
Oligocottus maculosus Bre [irate | eat a | ae fee | ea | 
Liparis callyodon gestion | ale, eos Ev ee deed eee 
Anoplarchus purpurescens ian see (rnin le Co See face Sean 
Phytichthys chirus — +++ |x [x | 
Xiphister mucosa Pisa eee 
Pholis laeta rae Palen fea 
fees Eee Less 
ae Paoe Ges 
ie ae a 
eel 
a 
2.8416 
Total Species 2841169 
te ee ee 
eee 
o_o 
a eee 
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Presence (x) or absence (blank) of species of 


Appendix 2. 
plants and invertebrates on sandy beaches at 
six sites in the eastern Gulf of Alaska. 
SITES 
(ob) g 
Q } 
T 
| Petes} 
= 
To 
fob) 
ie 
SPE Glas j 
~CHLOROPHYTA 
Chlorophyta 


Monostroma sp. 


CRYSOPHYTA 
Crysophyta 


___Bacillariophyceae 
Centrales 
Pennales 


PHAEOPHYTA 
Ectocarpus sp. 


RHODOPHYTA 
Rhodophyta 
Corallinaceae 
Iridaea_ sp. 


Palmaria palmata 
Neoptilota sp. 
Odonthalia sp. 


PROTOZOA 
_ Foraminifera 


Cnidaria 
Cnidaria 


RHYNCHOCOELA 
Rhynchocoela 
Emplectonema gracile 

“ANNELIDA 
Polychaeta |_X 


ile 


Anaitides maculata 
Eteone longa 


*< 


Syllidae _ 
_Nephtys sp. 


Nephtys caeca 


Glycinde armigera 
Scoloplos armiger 


> | ><] >< | ><] >< | >< [>< | >< 
laa = ee = 
| 


a ee es oe ioeen eee eee 
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Appenaix 2 Continued 


SITES 


Mun SPECIES 


ANNELIDA-continued 
Paraonis sp. 
Spionidae 
Pygospio sp. 

Nerine cirratulus 

Magelona pitelkai 

Cirratulus cirratus 
oracophelia sp. 


MOLLUSCA 

__Pelecypoda 
Mytilus edulis 
Macoma balthica 
Lacuna vincta 


CRUSTACEA 
Harpacticoidea 
__Calanus plumchrus 
Metridia lucens 

Mysidacea 
Archeomysis grebnitzkii 
Cumacea 
Lamprops sp. 
Lamprops quadriplicata 
Amphipoda X za x [ex 
“Eohaustorius washingtoniensis: GaSe 
Hyale rubra pos x | | | 
Paraphoxus sp. Same bres | 
Majiidae Xx al 
Chionoecetes sp e 


lea 


INSECTA ia a 
Culicidae 


= 
j Xel6 ie — ie 
“BRYOZOA 4 = peta Boa ? 
Bryozoa : foes (ee | | B isa 
OPHIUROIDEA =i = zim s IF 
| 


Ophiuroidea LX t 
i10 


jem 
| 


a ed 
Saleh asa ana torical 
| 


| 
| 
| 
b 
| 
}—}-- + 
{ 


409 


Appendix 3. Presence (x) or absence (blank) of species of 
plants and invertebrates on muddy beaches at 
two sites in the eastern Gulf of Alaska. 


SITES 


SPECIES 


CHLOROPHYTA 

Chlorophyta 

Enteromorpha sp. 
Enteromorpha clathrata 
Enteromorpha crinita 
Enteromorpha intestinalis 
Ulva sp. 

va lactuca 
Cladophora sp. 


CRYSOPHYTA 
Crysophyta 
Bacil lariophyceae 


PHAEOPHYTA 
Phaeophyta 
Dictyosiphonales 
Cytosiphon lomentaria 
Fucus distichus 


ae ake 


RHODOPHYTA 
Rhodophyta 


ryptosiphonia woodii 


x 
x 


Palmaria palmata 
Rhodymenia _pertusa 


ae 
Bossiella plumosa rales 
Gigartina papillata i Xx 
Palmaria palmate x 

EE: 

cate 


Pterosiphonia bipinnata 
Odonthalia floccosa 


aE 


PHYCOMYCETES 


Phycomycetes 


ANTHOPHYTA 
Potamogetonaceae 


PROTOZOA 


Protozoa 


x 


Foraminifera 


GGHEGREEREE 
rereerher 
PCLEEEELEEE 


jee: Ber eelee| 
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Appendix 3. Continued 


SPECIES 
CNIDARIA 
Eudendrium sp. 


TURBELLARIA 
Turbellaria 


RHYNCHOCOELA 
Rhynchocoela 
Emplectonema gracile 


NEMATODA 
Nematoda 


ANNELIDA ! Libel 
Polychaeta x 
Polynoidae 

_Gattyana cirrosa 
Gattyana_ treadwelli 
Harmothoe imbricata 
Pol yodontidae 
Pholoe minuta 
Phyl lodocidae 
Anaitides maculata 
Eteone sp. 

“Eteone pacifica 
Eteone longa 
Eulalia viridis 
Mysta barbata 
Syllis sp. 
Typosyllis alternata 
Typosyllis elongata 
Typosyllis pulchra re 

_Typosyllis fasciata 
Typosyllis hyalina 
Exogone molesta d 
Exogone verrugera 


On re eee Peter 
< |< | >*~ IX | xX! X< 


Ce AE na ok a TN Ee RL RAR a pa 
{ 


| 


ae lr 
{>< 


el 


|><|>< p< %& p< | 


<| | | << LX 
1 alate 
| | 


| 


Pi el 
| 


aati 


hail 
iee 
Paes e 


414 4 
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Syllides japonica ees We ae 
Nereis sp. beSeotlaes’ 

Nereis procera cea x z: mi as 
Nereis vexillosa i te zal eae 
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Appendix 3 Continued 


| 

v 

= 
ore 
SPECIES | 


ANNELIDA-continued 
Nephtys sp. 
Nephtys ciliata 
Nep Ss caeca 
le 
Nephtys schmitti 
Glycera capitata 
Glycinde picta 
Haploscoloplos sp. 
Haploscoloplos elongatus 
Haploscoloplos panamensis 
coloplos armiger 


Aricidea 
Aricidea 
“Tauberia 
Polydora 
Polydora 


sp. 
suecica 
gracilis 
Sp. 
caeca 


~“PoTydora 
Polydora 


caulleryi 
ciliata 


Polydora_ quadrilobata 


Spio filicornis 


Spiophanes bombyx 
Spiophanes cirrata 


Rhynchospio sp. 


Pygospio sp. 
Pygospio californica 
Pygospio elegans 
Cirratulidae 
Caulleriella sp. 


Tharyx sp. 
Tharyx multifilis 


Tharyx parvus 


Chaetozone setosa 
Dodecaceria_ sp. 


Capitellidae 


Capitella capitata 


>< | 9K] ><] ><) ><] OOK 


: 


Heteromastus filiformis 


Abarenicola_ sp, 


Abarenicola_ pacifica 


_Maldanidae 


| KL OX 
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Appendix 3 . Continued 


-SPECIES 
ANNELIDA-continued 
Owenia fusiformis 
Owenia pacifica 
Myriochele heeri 


Cistenides brevicoma 


Pectinaria belgica 
Ampharete arctica 


Asabellides sibirica 


Glyphanostomum pallescens 
Sabellidae 


Chone infundibuliformis 
Chone cincta 

Fabricia sabella 
Fapricia minuta 
Laonome sp. 


>< | >< 1K [>< | ><] OK] OX 


| 


Pseudosabellides littoralis 


Oligochaeta 


< | >< [>< 


Enchytraeidae ie 


MOLLUSCA — 
Pelecypoda 
Mytilus edulis i rz 


SI esse esiealeals aaa 


Pseudopythina compressa} 


_Clinocardium sp. 


Clinocardium ciliatum 


Clinocardium nuttallii 


Saxidomus gigantea 
Protothaca staminea 


i ! 
=! Teese yrs 


Macoma sp. 


ttt 
il 4 
+t 
HEHE 
rae eed = 
ECT daca 
i BERGE CSL ee 


al 
Ne 
es eS ES 


Macoma obliqua 
Macoma balthica 


“Mya sp. 


reralpeoel pon pert 
t +—+- 
eee enone 
| 
+ 
| bs 


_Mya_elegans 


Hiatella arctica 


Gastropoda 


it 


SSS aes 


Collisella pelta _ 
Collisella ochracea 


: een 


Margarites helicinus 


ba 
ret 


>< | >< | >< 1 >< | >< [>< [>< [>< [>< | >< 
jess 
—4 
eee ee 
eal | 
acd Ed 
| 
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Stee ee 
=F Al 
+--+ 
jee 

| 
| 
1 eI 


fa Ht 


(a peaaey 


_Littorina sitkana 


— 


1 y) 


oO 


Banse = Oriopsis minuta (Serkeley and Berkel 
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Appendix 5  . Continued 


SPECIES ; 
MOLLUSCA-continued 
Littorina aleutica 
Littorina scutulata 
Lacuna carinata 
Lacuna marmorata 
Cerithiopsis sp. 
Cerithiopsis stejnegeri 
NuceTTa sp. Cal 
Nucella_lamellosa Ea 
Nucella lima 
Odostomia sp. 
Cylichna sp. 
Aglaja diomedeum 


ARACHNIDA 
Halacaridae 


Pseudoscorpionida 


CRUSTACEA 
Crustacea 


_Platycopa 
Harpacticoidea 
Calanus plumchrus 
Balanidae 
Balanus sp. 


Balanus balanoides < 


Balanus crenatus 


| >< 


Balanus glandula 
Chthamalus dalTi 
Cumacea 

Campylaspis sp. 
Campylaspis verrucosa 
Campylaspis affinis 
Tanaidacea 

Pentidotea wosensenskii fe ex 


Sir | 


sc.sna| 
x< 


~ Amphipoda — 


_Pentidotea_wosens: ox 
Gnorimosphaeroma oregonensis { x ea 
Baia 
“Ampithoe simulans Bae eS ee 
Calliopiidae fx | 
_OTigochinus lighti gas 
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Appendix 3. . Continued 


SPECIES 

CRUSTACEA-continued 
Corophiidae 

Corophium sp. 

Paramoera columbiana 
Anisogammarus sp. 
Anisogammarus locustoides 
Parallorchestes sp. 
Parallorchestes ochotensis 

arapleustes nautilus 
Talitrus sp. 

Callianassa sp. 

agurus sp. 

Pagurus h. hirsutiusculus 
Chionoecetes sp 


INSECTA 
Insecta 
Diptera 
Chironomidae 


ECHIUROIDEA 
Echiuroidea 
Echiurus E. alaskanus 


BRYOZOA 


Bryozoa 


Hi 
rt 


BRACHIOPODA 
Brachiopoda 


Total Species 
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SECTION I 


DISTRIBUTION, ABUNDANCE, COMMUNITY STRUCTURE, AND TROPHIC RELATIONSHIPS 
OF THE NEARSHORE BENTHOS OF THF KODIAK SHELF, COOK INLET, 
NORTHEAST GULF OF ALASKA AND THE BERING SEA 
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS 
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT 

The long-term objectives of this study are: 1) a qualitative and 
quantitative inventory of benthic species within and adjacent to identi- 
fied oil-lease sites in the northeast Gulf of Alaska (NEGOA), the Kodiak 
shelf, lower Cook Inlet and the Bering Sea, 2) a description of spatial 
distribution patterns of selected species in the designated study areas, 
and 3) observations of biological interrelationships, specifically troph- 
ic interactions, between components of the benthic biota in designated 
study areas. 

Forty-two widely dispersed permanent stations for quantitative grab 
sampling have been established in the northeastern Gulf of Alaska, and 
these stations represent a reasonable nucleus around which a monitoring 
program can be developed. Sixty-one widely dispersed stations were oc- 
cupied with a van Veen grab in Cook Inlet; thirteen of these stations 
were ultimately selected for detailed analysis. A total of 77 widely 
dispersed permanent stations for quantitative grab sampling were estab- 
lished in the Bering Sea. 

A pipe dredge was used in lower Cook Inlet and the Bering Sea to 
compliment data obtained by grab and trawl, and was also valuable for 
obtaining large numbers of clams used in age-growth studies. 

The general patchiness of fauna initially observed at most stations 
in the Gulf of Alaska and the Bering Sea suggested that at least five 
replicates be taken per station. At least this number of replicates 
were taken at all stations during the project period. Analysis of 
grab data by the end of the project period should enable us to suggest 
the optimum number of replicates per station for monitoring programs. 

One hundred and forty stations were occupied with an otter trawl 
in the northeastern Gulf of Alaska. Fifty-three stations were occupied 
by trawl in two bays (Alitak and Ugak) of Kodiak Island. Forty-seven 
stations were occupied with three types of trawls in Cook Inlet. Two- 
hundred and eight stations were occupied by otter trawl in the Bering 
Sea in 1975 and 104 stations were occupied by otter trawl in 1976. 

Four hundred and fifty-seven invertebrate species were collected 


in the grab sampling program, and 168 invertebrate species were taken 
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in the trawl program in the northeast Gulf of Alaska. One hundred and 

six invertebrate species were determined for the two Kodiak bays. Two 
hundred and eleven species have been determined from the grab sampling 
program, and 189 invertebrate species from the trawl and dredge programs 
in Cook Inlet. Six hundred and forty-three invertebrate species have 

been isolated from the grab-sampling program and 225 invertebrate species 
from the trawl program in the Bering Sea. It is probable that all species 
with numerical and biomass importance have been collected in all areas 

of investigation and that only rare species will be added in future 
sampling. 

No seasonal information is available for the Bering Sea benthos but 
a continuing series of cruises during the first year of the investigation 
made available samples (now being processed or temporarily archived) from 
the spring, summer and early fall. Limited seasonal data are found in the 
literature. 

Basic information on diversity, dominance and evenness is now avail- 
able for all permanent stations on the NEGOA grid and for 27 stations on 
the Bering Sea grid. Caution is indicated in the interpretation of these 
values until further data are available over a longer time base. 

Criteria established for Biologically Important Taxa (BIT) have de- 
lineated 95 invertebrate species in the northeast Gulf of Alaska. These 
species have been used to comprehend station/species aggregations by clu- 
ster analysis. Preliminary groupings of stations into three basic clusters 
have been accomplished. Further understanding of station clustering has 
been gained by clustering species, and constructing a two-way coincidence 
table of species vs. station groups. By this means, specific groupings of 
species can be related to station clusters, and intermediate positions of 
stations (or clusters) can be determined by the particular groupings of 
species they have in common. 

Criteria established for BIT have delineated 89 species in the Bering 
Sea. These species form the basis of a cluster analysis that will be used 
to understand species aggregations there. 

The joint National Marine Fisheries Service trawl charter for inves- 
tigation of epifaunal invertebrates and demersal fishes in the northeast 


Gulf of Alaska was effective, and excellent spatial coverage was achieved. 
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However, no seasonal information was obtained for this area. There is now 
a satisfactory knowledge, for the summer and fall, of the distribution and 
abundance of the major epifaunal invertebrates for two bays of Kodiak 
Island. Two trawl surveys in lower Cook Inlet on the R/V Moana Wave and 
NOAA Ship Miller Freeman achieved good coverage, although only limited 
seasonal data were obtained. The joint National Marine Fisheries Service 
trawl survey on the NOAA Ship Miller Freeman for investigation of epifaunal 
invertebrates in the Bering Sea was effective, and excellent coverage was 
achieved in the areas examined. Some seasonal data were obtained. Inte- 
gration of information from these cruises with infaunal benthic data will 
enhance our understanding of these shelf ecosystems. 

Information on feeding biology of species collected by grab and trawl 
is available from literature analysis and information collected on Outer 
Continental Shelf Environmental Assessment Program (OCSEAP) cruises. A 
Kodiak Island food web has been developed. The major food items in the web 
were polychaetes, gastropods (snails), pelecypods (clams), amphipods, 
hermit crabs, true crabs, and shrimps. Snow and king crabs fed heavily on 
benthic animals that, in turn, relied in whole or in part on sediment- 
associated organic material, detritus, bacteria, and benthic diatoms for 
food. The invertebrates in the two Kodiak bays relied on a variety of 
feeding methods while fishes tended to be predators. The principal food 
groups used by the Pacific cod, Gadus macrocephalus, at all sites in the 
northeast Gulf of Alaska and the Kodiak shelf were molluscs, crustaceans, 
and fishes. There were some small quantities (less than 10% of the total 
occurrence) of annelids, euphausiids and mysids, isopods and echinoderms 
taken by cod. The frequency of occurrence of snow crab, Chtonoecetes 
bairdi, as food for cod for 1973-1975 on the Kodiak Shelf was 40, 36, and 
36 percent, respectively. A food web, inclusive of major epifaunal species, 
for Cook Inlet is also available. The snow crab, Chitonoecetes bairdi, fed, 
in order of decreasing importance, on clams, hermit crabs, barnacles and 
crangonid shrimps. King crabs, Paraltthodes camtschatica, in Cook Inlet 
fed on two deposit-feeding clams, Wuculana and Macoma, and barnacles. Food 
items of Bering Sea crabs differed from crabs in Cook Inlet. King crabs 
in the former area were primarily taking Clinocardium, small snails and 


ophiuroids; snow crabs (Chtonoecetes spp.) were taking mainly polychaetes 
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and ophiuroids. The pollock, target of one of the world's largest 
fisheries in the Bering Sea, is an important link in the food web for 
that area. 

Clam studies in Cook Inlet have resulted in age-growth data for 
six species: WNucula tenuts, Nuculana fossa, Glycymerts subobsoleta, 
Macoma calearea, Tellina nuculotdes and Spisula polynyma. Further age- 
growth data on clam species from the Bering Sea will be available for 
the Final Report for that area. Such age-growth analyses will make avail- 
able biological parameters useful for long-range monitoring programs in 
these areas. 

Initial assessment of all data suggests that: 1) sufficient station 
and/or area uniqueness exists to permit development of monitoring programs 
based on species composition at selected stations utilizing both grab and 
trawl sampling techniques, and 2) adequate numbers of biologically well- 
known, unique, abundant, and/or large species are available to permit 
nomination of likely monitoring candidates for the areas once industrial 


activity is initiated. 


II. INTRODUCTION 


General Nature and Scope of Study 

The operations connected with oil exploration, production, and trans- 
portation in the Gulf of Alaska and the Bering Sea present a wide spectrum 
of potential dangers to the marine environment (see Olson and Burgess, 

1967, for general discussion of marine pollution problems). Adverse ef- 
fects on the marine environment of these areas cannot be quantitatively 
assessed, or even predicted, unless background data are recorded prior to 
industrial development. 

Insufficient long-term information about an environment, and the basic 
biology and recruitment of species in that environment, can lead to erroneous 
interpretations of changes in types and density of species that might occur 
if the area becomes altered (see Nelson-Smith, 1973; Pearson, 1971, 1972, 
1975; Rosenberg 1973, for general discussions on benthic biological investi- 
gations in industrialized marine areas). Populations of marine species 
fluctuate over a time span of a few to 30 years (Lewis, 1970, and personal 


communication). Such fluctuations are typically unexplainable because of 
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absence of long-term data on physical and chemical environmental para- 
meters in association with biological information on the species involved 
(Lewis, 1970, and personal communication). 

Benthic organisms (primarily the infauna but also sessile and slow- 
moving epifauna) are particularly useful as indicator species for a 
disturbed area because they tend to remain in place, typically react to 
long-range environmental changes, and by their presence, generally reflect 
the nature of the substratum. Consequently, the organisms of the infaunal 
benthos have frequently been chosen to monitor long-term pollution effects, 
and are believed to reflect the biological health of a marine area (see 
Pearson, 1971, 1972, 1975; and Rosenberg, 1973 for discussion on long-term 
usage of benthic organisms for monitoring pollution). 

The presence of large numbers of benthic epifaunal species of actual 
or potential commercial importance (crabs, shrimps, snails, fin fishes) 
in the Gulf of Alaska and the Bering Sea further dictates the necessity 
of understanding benthic communities since many commercial species feed 
on infaunal and small epifaunal residents of the benthos (see Zenkevitch, 
1963, for a discussion of the interaction of commercial species and the 
benthos; also see appropriate discussions in Feder, 1977). Any drastic 
changes in density of the food benthos could affect the health and numbers 
of these commercially important species. 

Experience in pollution-prone areas of England (Smith, 1968), Scotland 
(Pearson, 1972, 1975), and California (Straughan, 1971) suggests that at 
the completion of an initial study, selected stations should be examined 
regularly on a long-term basis to determine changes in species content, 
diversity, abundance and biomass. Such long-term data acquisition should 
make it possible to differentiate between normal ecosystem variation and 
pollutant-induced biological alteration. Intensive investigations of the 
benthos of the Gulf of Alaska and Bering Sea are essential to understand 
the trophic interactions involved in these areas and the changes that 
might take place once oil-related activities are initiated. 

The benthic biological program in the northeast Gulf of Alaska (NEGOA) 
has emphasized development of an inventory of species as part of the exami- 
nation of biological, physical and chemical components of those portions 


of the shelf slated for oil exploration and drilling activity. In addition, 
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initiation of a program designed to quantitatively assess assemblages 
(communities) of benthic species on the NEGOA shelf will expand the 
understanding of distribution patterns of species here. A developing 
investigation concerned with the biology (primarily concerned with feed- 
ing activity) of selected species on the Kodiak shelf and in Cook Inlet 
will further the understanding of the trophic dynamics of the Gulf of 
Alaska benthic system. 

The benthic macrofauna of the Bering Sea is relatively well known 
taxonomically, and some data on distribution, abundance, and feeding 
mechanisms are reported in the literature (Feder et al., 1976a; Feder 
and Mueller, 1977; Feder, 1977). The relationship of specific infaunal 
feeding types to certain substrate conditions has limited documentation 
as well. However, detailed information on the temporal and spatial vari- 
ability of the benthic fauna is sparse, and the relationship of benthic 
species to the overlying seasonal ice cover is not known. Some of the 
macrofaunal benthic species may be impacted by oil-related activities. 

An understanding of these species and their interactions with each other 
and various aspects of the abiotic features of their environment are 
essential to the development of environmental predictive capabilities 
required for the Bering Sea. 

The benthic biological program in the Bering Sea emphasized develop- 
ment of an inventory of species as part of the examination of the biologi- 
cal, physical and chemical components of those portions of the shelf slated 
for oil exploration. In addition, development of computer programs for 
use with data from NEGOA, designed to quantitatively assess assemblages 
of benthic species on the shelf there, are applicable to the Bering Sea. 
The resultant computer analysis will expand the understanding of distri- 
butional patterns of species in the latter area. Further studies in the 
Bering Sea have encompassed limited investigations of trophic interactions 
between selected epifaunal species. 

The study program was designed to survey the benthic fauna on the 
Alaska continental shelf in regions of potential oil and gas concentrations. 
During the first phases of research, data were obtained on faunal composi- 
tion and abundance to develop baselines to which future changes can be 


compared. Long-term studies on life histories and trophic interactions 
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of identified important species should define aspects of communities and 
ecosystems potentially vulnerable to environmental damage, and should help 


to determine rates at which damaged environments can recover. 


Relevance to Problems of Petroleum Development 

Lack of an adequate data base elsewhere makes it difficult at present 
to predict the effects of oil-related activity on the subtidal benthos of 
the Gulf of Alaska and the Bering Sea. However, the rapid expansion of 
research activities in both areas should ultimately enable us to point 
with some confidence to certain species or areas that might bear closer 
scrutiny once industrial activity is initiated. It must always be empha- 
sized that a considerable time frame is needed to comprehend long-term 
fluctuations in density of marine benthic species; thus, it cannot be ex- 
pected that short-term research programs will result in predictive capa- 
bilities. Assessment of the environment must be conducted on a continuing 
basis. 

As indicated previously, infaunal benthic organisms tend to remain 
in place and consequently have been useful as indicator species for dis- 
turbed areas. Thus, close examination of stations with substantial comple- 
ments of infaunal species is warranted (see Feder and Mueller, 1975, and 
NODC data on file for examples of such stations). Changes in the environ- 
ment at stations with relatively large numbers of species might be re- 
flected by a decrease in diversity with increased dominance of a few species 
(see Nelson-Smith, 1973 for further discussion of oil-related changes in 
diversity). Likewise, stations with substantial numbers of epifaunal species 
should be assessed on a continuing basis (see Feder and Mueller, 1975; Feder, 
1977; Jewett and Feder, 1976 for references to relevant stations). The 
potential effects of loss of species to the trophic structure in the Gulf 
of Alaska and the Bering Sea cannot be assessed at this time, but the prob- 
lem can be better addressed once benthic food studies resulting from current 
projects are available (Feder, unpublished data from Cook Inlet and the 
Bering Sea; Jewett and Feder, 1976; Feder, 1977; Feder and Jewett, 1977; 
Smith et al., 1977). 

Data indicating the effects of oil on most subtidal benthic inverte- 
brates are fragmentary (see Boesch, et al., 1974; Malins, 1977 for review; 


Baker, 1977 for a general review of marine ecology and oil pollution), but 
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echinoderms are "notoriously sensitive to any reduction in water quality" 
(Nelson-Smith, 1973). Echinoderms (ophiuroids, asteroids, and holothur- 
oids) are conspicuous members of the benthos of the Gulf of Alaska and 

the Bering Sea (see Feder, 1977 for references to relevant stations in the 
northeast Gulf of Alaska and Bering Sea), and could be affected by oil activ- 
ities there. Asteroids (sea stars) and ophiuroids (brittle stars) are com- 
ponents of the diet of large crabs (for example King crabs feed on sea stars 
and brittle stars: unpub. data, Guy Powell, Alaska Dept. of Fish and Game; 
Feder, 1977) and demersal fishes. Snow crabs (Chtonoecetes spp.) are con- 
spicuous members of the shallow shelf of the Gulf of Alaska and the Bering 
Sea, and support commercial fisheries of considerable importance. Laboratory | 
experiments with this species have shown that postmolt individuals lose most 
of their legs after exposure to Prudhoe Bay crude oil; obviously this aspect 
of the biology of the snow crab must be considered in the continuing assess- 
ment of this species (Karinen and Rice, 1974). Little other direct data 
based on laboratory experiments are available for subtidal benthic species 
(see Nelson-Smith, 1973). Experimentation on toxic effects of oil on other 
common members of the subtidal benthos should be strongly encouraged for 
the near future in OCS programs. 

A direct relationship between trophic structure (feeding type) and 
bottom stability has been demonstrated by Rhoads (see Rhoads, 1974 for 
review). A diesel fuel spill resulted in oil becoming adsorbed on sediment 
particles with resultant mortality of many deposit feeders on sublittoral 
muds. Bottom stability was altered with the death of these organisms, and 
a new complex of species became established in the altered substratum. The 
most common members of the infauna of the Gulf of Alaska and the Bering Sea 
are deposit feeders; thus, oil-related mortality of these species could re- 
sult in a changed near-bottom sedimentary regime with subsequent alteration 
of species composition. . 

As suggested above, upon completion of initial baseline studies in 
pollution prone areas, selected stations should be examined regularly on 
a long-term basis. Cluster analysis techniques discussed below, supple- 
mented by principal components and/or principal coordinate analysis, should 
provide techniques for the selection of stations useful for monitoring the 


infauna. In addition, these techniques should provide an insight into normal 
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ecosystem variation (Clifford and Stephenson, 1975; Williams and Stephenson, 
1973; Stephenson et al., 1974). Also, intensive examination of the biology 
(e.g., age, growth, condition, reproduction, recruitment, and feeding habits) 


of selected species should afford obvious clues of environmental alteration. 


III. CURRENT STATE OF KNOWLEDGE 


Gulf of Alaska 

Little was known about the biology of the invertebrate benthos of the 
Gulf of Alaska at the time that OCSEAP studies were initiated there, al- 
though a compilation of some relevant data on the Gulf of Alaska was avail- 
able (Rosenberg, 1972). A short but intensive survey in the summer of 1975 
added some benthic biological data for a specific area south of the Bering 
Glacier (Bakus and Chamberlain, 1975). Results of the latter study are 
similar to those reported by Federyand Mueller (1975) in their OCSEAP in- 
vestigation. Some scattered data based on trawl surveys by the Bureau of 
Commercial Fisheries (National Marine Fisheries Service) were available, 
but much of the information on the invertebrate fauna was so general as 
to have little value. 

In the summer and fall of 1961 and spring of 1962 otter trawls were 
used to survey the shellfishes and bottomfishes on the continental shelf 
and upper continental slope in the Gulf of Alaska (Hitz and Rathjen, 

1965). The surveys were part of a long-range program begun in 1950 to 
determine the size of bottomfish stocks in the northeastern Pacific Ocean 
between southern Oregon and northwest Alaska. Invertebrates taken in the 
trawls were of secondary interest, and only major groups and/or species 
were recorded. Invertebrates that comprised 27 percent of the total catch 
were grouped into eight categories; heart urchins (Echinoidea), snow crabs 
(Chionoecetes bairdt), sea stars (Asteroidea), Dungeness crabs (Cancer magis- 
ter), scallops (Pecten caurinus), shrimps (Pandalus borealis, P. platyceros, 
and Pandalopsis dispar), king crabs (Paraltthodes camtschattea), and mis- 
cellaneous invertebrates (shells, sponges, etc.) (Hitz and Rathjen, 1965). 
Heart urchins accounted for about 50 percent of the invertebrate catch and 
snow crabs ranked second, representing about 22 percent. Approximately 20 


percent of the total invertebrate catch was composed of sea stars. 
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Further knowledge of invertebrate stocks in the north Pacific is scant. 
The International Pacific Halibut Commission (IPHC) surveys parts of the 
Gulf of Alaska annually, and records selected commercially important inver- 
tebrates; however, non-commercial species are discarded. The benthic in- 
vestigations of Feder and Mueller (1975), Feder et al. (1976b), and Feder, 
(1977) represent the first intensive qualitative and quantitative examina- 
tions of the benthic infauna and epifauna of the Gulf of Alaska. 

Data on the infauna collected in the first year (1974-1975) of the 
OCSEAP study in the northeast Gulf of Alaska served as a springboard and an 
intensive data base for the studies in 1975-1977. Information in the liter- 
ature will aid in the interpretation of the biology of some dominant infaunal 
organisms in the Gulf of Alaska. The use of cluster and multivariate tech- 
niques for the analysis of infaunal data (now being applied to our data from 
the Gulf of Alaska and the Bering Sea) has been widely used by numerous 
investigators examining shallow-water marine environments. Techniques are 
well reviewed in Clifford and Stephenson (1975). 

Few data on non-commercially important invertebrate components of the 
shallow, nearshore benthos of the Kodiak shelf were available until recent 
OCSEAP studies were initiated (Feder, 1977; Feder and Jewett, 1977). To 
date, Russian workers have published most of the data from the western Gulf 
of Alaska (AEIDC, 1974), but OCSEAP investigations in the northeast Gulf of 
Alaska provide some comparable data from adjacent areas (Feder, 1977). The 
benthic invertebrate biomass on the Kodiak shelf appears to be greater than 
that of the NEGOA area, and a higher percentage of the Kodiak biomass is be- 
lieved to be available as food for fishes (see summary draft report by 
MacDonald and Petersen, 1976). Additional summary information for the Gulf 
of Alaska is also available in the literature review of Rosenberg (1972). 
The Soviet benthic work was accomplished in the deeper waters of the Kodiak 
shelf, and was of a semi-quantitative nature with little hard data to per- 
mit extrapolations useful for predictive analyses of the effects of oil on 
the benthos. The exploratory trawl program of the National Marine Fisheries 
Service is the most extensive investigation of commercially important species 
of the Kodiak shelf (unpub. data; reports available from the National Marine 
Fisheries Service Laboratory, Kodiak). However, most of the invertebrate 
data from the latter investigation are difficult to interpret, but the domi- 
nant organisms likely to be encountered in the offshore waters of the Kodiak 


shelf are suggested by these studies. 
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Additional, but unpublished, information on the epifauna in the 
viciriity of Kodiak Island is available as a by-product of the Alaska 
Department of Fish and Game King Crab Indexing Surveys (inquiries con- 
cerning these reports may be directed to Alaska Department of Fish and 
Game, Box 686, Kodiak). The International Pacific Halibut Commission 
surveys parts of the Kodiak shelf annually, but only records commercial- 
ly important species of crab and fishes; non-commercially important inver- 
tebrate and fish species are generally lumped together in the survey re- 
ports with little specific information available. A compilation of some 
relevant data on renewable resources of the Kodiak shelf is available 
(AEIDC, 1974). The only recent inshore survey of the invertebrate benthos 
of the Kodiak shelf is that of Feder and Jewett, (1977) accomplished in 
conjunction with the fish studies of the Alaska Department of Fish and 
Game (Blackburn, 1977). These studies intensively investigated the benthos 
of two bays of Kodiak Island, Alitak and Ugak, and described the distribution 
and abundance of epifaunal invertebrates and demersal fishes there. Suffi- 
cient data were available from these studies to develop a preliminary food 
web for these two bays and inshore waters around Kodiak Island. Feder and 
Jewett (1977) discusses the relevance of the inshore benthic study in the 
two bays, and the Kodiak shelf in general, to petroleum development there. 

Commercial catch statistics of Kodiak king crab stocks in past years 
showed classic exploitation patterns with a peak year catch occurring in 
the 1965-66 season. Since that time, annual harvest levels (quotas) have 
been imposed. Recent data substantiate that king crab stocks are responding 
to the reduced fishing pressure resulting from this management decision, 
and populations are apparently in the rebuilding phase. The two most com- 
mercially utilized stocks are southern district stocks II and III which 
cover Kodiak Island's southern waters to the continental shelf edge (Guy 
Powell and Alaska Department of Fish and Game Reports, unpub.). Recent 
trawl studies conducted in two Kodiak Bays (Alitak and Ugak) show king 
crabs as the dominant species there (Feder and Jewett, 1977). Alitak Bay 
is also a major king crab breeding area (Gray and Powell, 1966; Kingsbury 
and James, 1971). 

Based on OCSEAP feeding studies initiated in the northeast Gulf of 


Alaska (inclusive of Cook Inlet) and two bays on Kodiak Island (Feder, 
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1977; Feder and Jewett, 1977), it is apparent that benthic invertebrates 
play a major role in the food dynamics of commercial crab and demersal 
fishes on the Kodiak shelf. 

Few data on non-commercially important benthic invertebrates of Cook 
Inlet were available until recent OCSEAP studies were initiated [Feder, 
1977 and D. Lees, unpub. data and reports; draft copy of lower Cook Inlet 
Synthesis Report, 1977 (Scientific applications, 1977)]. The primary data 
available were principally catch and assessment records for commercial 
shellfish species. Based on OCSEAP feeding studies accomplished in lower 
Cook Inlet, it is apparent that benthic invertebrates play an important 
role in the food dynamics of commercial crabs and demersal fishes there. 

Dennis Lees (unpub. data) suggests that the macrophytes of the inter- 
tidal and shallow subtidal regions produce materials utilized by detriti- 
vores in shallow and deep waters throughout Cook Inlet. Many of the organisms 
depending on these plant materials are either of commercial importance or 
are food items important to commercial species. Lees indicates that in the 
past few years information linking the macrophyte producers to commercially 
important species has begun to emerge but that the full importance of this 
linkage has yet to be recognized. He also points out that many marine birds 
and mammals depend heavily on organisms living in the inshore areas which 
in turn are dependent on plant material produced by macrophytes. Studies 
by D. Lees and Feder (OCSEAP data) very strongly suggest that the abundant 
deposit feeders in lower Cook Inlet are concentrated in regions of detrital 


accumulations (e.g. Kamashak Bay). 


Bering Sea 

The macrofauna of the Bering Sea is well known taxonomically, and data 
on distribution, abundance, and feeding mechanisms for infaunal species are 
reported in the literature (Feder et al., 1976a; Filatova and Barsanova, 
1964; Kuznetsov, 1964; Neyman, 1960; Stoker, 1973). The relationship of 
specific infaunal feeding types to certain hydrographic and sediment condi- 
tions has been documented (Neyman, 1960; Stoker, 1973). However, the rela- 
tionship of these feeding types to the overlying winter ice cover and its 
contained algal material and to primary productivity in the water column 


is not known. 
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Epifauna of the eastern Bering Sea has been little studied since the 
trawling activities of the Harriman Alaska Expedition (Merriam, 1904) and 
the voyages of the Albatross. Limited information can be obtained from 
the report of the pre-World War II king crab investigations (Fishery Market 
News, 1942) and from the report of the Pactfte Explorer, fishing and pro- 
cessing operations in 1948 (Wigutoff and Carlson, 1950). Some information 
on species found in the area is included in reports of the U.S. Fish and 
Wildlife Service, Alaska exploratory fishing expedition in 1948 (Ellson 
et al., 1949) and the exploratory fishing expedition to the northern Bering 
Sea in 1949 (Ellson et al., 1950). Neyman (1960) has published a quantita- 
tive report, in Russian, on the molluscan communities in the eastern Bering 
Sea. A phase of the research program conducted by the King Crab Investi- 
gation of the Bureau of Commercial Fisheries for the International North 
Pacific Fisheries Commission included an ecological study of the eastern 
Bering Sea during the summers of 1958 and 1959 (McLaughlin, 1963). Sparks 
and Pereyra (1966) have presented a partial checklist and general discus- 
sion of the benthic fauna encountered during a marine survey of the 
southeastern Chukchi Sea during the summer of 1959. Their marine survey 
was carried out in the southeastern Chukchi Sea from the Bering Straits 
to just north of Cape Lisburne and west to 169°W. Some species described 
by them in the Chukchi Sea extend into the Bering Sea and are important 
there. A recent survey of the epifauna of the northeastern Bering Sea is 
included in Feder and Jewett (in press). 

The biomass and productivity of microscopic sediment-dwelling bac- 
teria, diatoms, microfauna, and meiofauna have not been determined, and 
it is important that their roles be clarified. It is possible that these 
organisms are vital biological agents for recycling nutrients and energy 
from sediment to the overlying water column (see Fenchel, 1969 for review). 
Of unique interest is the relationship of the ice edge and under-ice 
primary productivity to the benthos. 

Crabs and bottom-feeding fishes of the Bering Sea exploit a variety 
of food types, benthic invertebrates being most important. Most of these 
predators feed on the nutrient-enriched upper slope during the winter, 
but move into the shallower and warmer waters of the shelf of the south- 


eastern Bering Sea for intensive feeding and spawning during the summer. 
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Occasionally they exploit the colder northern portions of the Bering Sea 
shelf. This differential distribution is reflected by catch statistics 
which demonstrate that the southeastern shelf area is a major fishing 
area for crabs and bottom fishes. The effect of intensive predatory ac- 
tivity in the southern vs. the northern part of the shelf appears to be 
partially responsible for the lower standing stock of the food benthos in 
the southeastern Bering Sea (Neyman, 1960, 1963). Thus, it is apparent 
that bottom-feeding species of fisheries importance are exploiting the 
southeastern Bering Sea shelf, and are cropping what appear to be slow- 
growing species (Feder, unpublished observations) such as polychaetous 
annelids, snails, and clams. However, nektobenthic and pelagic crustacea 
such as amphipods and euphausids may grow more rapidly in the nutrient- 
rich water at the shelf edge, and may provide additional important food 
resources there. 

Some marine mammals of the Bering Sea feed on benthic species (see 
Lowry and Burns, 1976). Walrus feed predominantly on what appear to be 
slow-growing species of molluscs, but seals prefer the more rapidly grow- 
ing crustaceans and fishes in their diets (Fay et al., 1975). Although 
showing food preferences, marine mammals are opportunistic feeders. Asa 
consequence of the broad spectrum of food utilized and exploitation of 
secondary and tertiary consumers, marine mammals are difficult to place 
in a food web and to assess in terms of energy cycling. Intensive trawl- 
ing and oil-related activities on the Bering Sea shelf may have important 
ecological effects on benthic organisms used as food by marine mammals. 
If benthic trophic relationships are altered by these industrial activi- 


ties, marine mammals may have their food regimes altered. 


IV. STUDY AREAS 


The established stations for Kodiak, the NEGOA, Cook Inlet and Bering 
Sea study areas are tabulated, figured and discussed in the 1977 OCSEAP 
Annual Reports (Feder, 1977; also see Feder and Jewett, 1977). Stations 
for the 1978 Kodiak inshore and offshore studies will be determined in 


conjunction with ADF&G and National Marine Fisheries Service (NMFS). 
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V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION 


Kodiak Shelf 

Invertebrates obtained by trawl were separated, enumerated and weighed 
according to the methodology described in Feder (1977) and Feder and Jewett 
(1977). All invertebrates were given tentative identifications, and repre- 
sentative samples of individual species preserved and labeled for final iden- 


tification at the Institute of Marine Science, University of Alaska, Fairbanks. 


Lower Cook Inlet 

Methodology for the investigations of 1976-77 is included in Feder (1977). 
Sampling was accomplished with an Eastern otter trawl, try net, Agassiz trawl, 
pipe dredge, and van Veen grab. Preliminary workup of trawl material was ac-— 
complished onboard ship. All dredge and grab material were washed on 1.0 mm 
screens. All invertebrates were given tentative identifications, and repre- 
sentative samples of individual species preserved in 10% buffered formalin, 
and labeled for final identification at the Institute of Marine Science and 
the Marine Sorting Center, University of Alaska, Fairbanks. Stomachs of 
selected species (e.g. shrimps, king crabs, snow crabs, hermit crabs) were 
either examined on shipboard or in the laboratory. All species used in feed- 
ing studies were measured, separated by sex where readily possible (e.g., in 
crabs but not necessarily in shrimps), and separated into as many size groups 
as possible. Clams used in growth studies were separated from sediments on 
shipboard and in the laboratory, and measurements made on them in the labor- 
atory. 

Final analysis of material was accomplished in the laboratory and the 
Marine Sorting Center, University of Alaska, by methods developed in past 
offshore OCSEAP studies (Jewett and Feder, 1976; Feder, 1977; Feder and 
Jewett, 1977). All species were assigned Taxon Code numbers, and summarized 
according to computer programs developed for other benthic studies by Feder 
(for example, see Feder, 1977). 

All data were summarized and analyzed with the aid of available or 
specially written computer programs at the University of Alaska. Growth- 
history analyses of clam species was applied according to techniques de- 
scribed in Feder and Paul (1974) and Paul et al. (1976). 


Food webs were constructed. 
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Northeast Gulf of Alaska (NEGOA) 

No sampling or laboratory activities took place on this project in 
1977. Activities in 1977 were concerned with preparation of infaunal 
data for a Final Report (see Feder, 1977 for methodology employed for 


workup of quantitative data collected on past cruises). 


Bering Sea 

No sampling or laboratory activities took place on this project in 
1977. Activities in 1977 were concerned with preparation of -infaunal 
and epifaunal data for a Final Report (see Feder, 1977 for methodology 


employed for workup of data collected on past cruises). 


VI. RESULTS 
Kodiak Shelf 
A final report, based on collections made on board the M/V Big Valley 
in June, July, August 1976 and March 1977 in two bays (Alitak and Ugak), 
has been completed, and has been submitted to OCSEAP (Feder and Jewett, 1977). 
Activities for this fiscal year have consisted of planning sessions 
at the Institute of Marine Science, and a NOAA/BLM sponsored coordination 


meeting in Anchorage in February 1977. 


Lower Cook Inlet 
A final report, based on cruises of the R/V Moana Wave and NOAA Ship 
Miller Freeman in 1976, has been completed and is included with this 


annual report (Final Report, Sect. II; also see Feder, 1977). 


Food Studies 

Currently, University of Alaska food studies in Cook Inlet are 
centered on the snow crab, Chtonoecetes batrdt and its known prey species. 
The goal of these studies is to expand the food web presented in the pre- 
vious report (Feder, 1977). The results of these studies will be useful 
in (1) explaining the distribution of adult and juveniie snow crabs, (2) 
understanding the interrelationships of snow crabs to other organisms, such 
as king crabs or some bottom fishes, which also feed in the benthic environ- 
ment, and (3) describing the effect of snow crab feeding on the populations 


of prey species. Initial collections were carried out in Cook Inlet aboard 
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the NOAA Ship Miller Freeman. Trawl stations were established throughout 
the Inlet, and eleven stations with large numbers of crabs were selected 
for the food study. Sampling with dredges, grabs and trawls at each sta- 
tion made it possible to obtain information on potential prey, and facil- 
itated identification of stomach contents. 

Food occurred in 428 (60%) of 715 snow crabs examined and included 
representatives of four phyla and seventeen genera (Paul et al., in press). 
Clams, hermit crabs and barnacles were the dominant food organisms (Fig. 
1). The most frequently occurring food items were small clams, especially 
Macoma spp; remains of this clam were found in 149 stomachs from six of 
the eleven stations. The majority of the clams preyed upon by snow crabs 
were small and rarely exceeded 25 mm in length. Hermit crabs (family 
Paguridae) were next in importance, and occurred in 147 stomachs from nine 
of the eleven stations. Gray shrimps (family Crangonidae) and barnacles 
(Balanus spp.) were found in 47 and 76 stomachs from seven and eight sta- 
tions respectively. Juvenile snow crabs were found in the stomachs of 
five mature crabs. Polychaetes, amphipods, and ophiuroids occurred occa- 
sionally. Fifty-one stomachs contained only sediment. 

Stomachs with food commonly contained the remains of several barnacles 
or clams. In one stomach, sixteen young-of-the-year clams, Macoma spp. 
were found. Few stomachs contained more than one of the larger prey species, 
i.e., crabs or shrimps. No difference was detected in the frequency of 
occurrence of prey in C. batrdi of different size or sex. Juvenile snow 
crabs simply ate smaller individuals of the prey species than did the 
mature crabs. 

The stomach contents of the common hermit crabs of Cook Inlet, col- 
lected in November 1977, have been examined. Important prey items include 
small clams, barnacles, other hermit crabs, and plant material. In addi- 
tion, large amounts of sediment (i.e., stomachs 1/4 to 1/2 filled with sedi- 
ment) generally occurred in the stomachs (Table I). 

Collections of gray shrimps, Crangon dalli and Argis dentata, and the 
pink shrimp, Pandalus borealts, were also made in November 1977. One col- 


lection of newly settled snow crabs has also been made. 
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Btology of Bivalves 

Bivalves are an important link in benthic food webs leading to snow 
crabs, king crabs, dungeness crabs, hermit crabs, flatfishes and other 
organisms in Cook Inlet. The biology of some common subtidal clams has 
been examined. The ultimate goal of this study was to provide data useful 
for monitoring oil-induced changes in the environment and to determine 
the productivity of these important infaunal organisms. 

The age structure of six species of clams from several Cook Inlet 
stations is presented in Table II.’ It is evident. from aging studies that 
annual recruitment success can be expected for the six species of clams 
investigated. However, such recruitment does not necessarily take place 
every year at each station, and in fact, the number of clams of any given 
age varies considerably from station to station. As a result of ‘this 
variability, population monitoring at individual stations may not be 
feasible. However, yearly growth and growth histories of these clams 
can be determined by the annular aging method. Measurement of growth and 
examination of growth histories provide promising techniques for detecting 
enon ens in the environment which may affect the growth rates of bivalves. 
These data are also necessary for the determination of mortality rates and 


secondary production of clams. The latter studies are now in progress. 


Effeet of Augustine Island Voleante Eruption on the Benthie Environment 
Cook Inlet benthic Station 35 (latitude 59°26.2', longitude 153°19.0'), 
just north of Augustine Island was occupied in April and October of 1976 
(the year the most recent eruption of this volcano occurred) and again 
in November 1977 (see Feder, 1977 and Section II of the present report for 
station location). A large amount of volcanic pumice, the result of the 
eruption, occurred in benthic trawls in the 1976 survey. Prior to the 
eruption, the bottom around the island had little rocky substrate and 
settling organisms, such as barnacles, were restricted primarily to biolo- 
gical substrates such as shells and crab carapaces. 
During our 1976 survey, samples of pumice were examined for settling 


organisms. No settlement was observed. Similar samples taken from two 


TAlso see detailed treatment of Cook Inlet clam data in the attached Final 
Report, Section II. 
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3. 
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4 


23 
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trawls at stations in 1977 showed that large numbers of barnacles, Balanus 
sp., had settled on most of the pumice examined. 

The average exposed surface area of ten pieces of pumice randomly 
selected from two trawls was approximately 21.2 ene and 6.2 enaieanees 
tively. The percentage of surface of the pumice covered by the barnacles 
was estimated utilizing a metric grid and calipers. The average percen- 
tage of rock surface covered by barnacles for the two trawls was similar, 
approximately 31.7% and 31.1%, in both sets of samples. The average 
number of barnacles on the pumice from the two trawls was 15 and 6 respec- 
tively (Table III). The range of distribution was between 0 and 32 barnacles 
per rock. Only one piece of pumice was free of barnacles. There were two 
distinct size classes of barnacles present on the pumice. The average height 
and diameter of the larger and more common barnacle size class was 8.0 
(standard deviation [S.D.] = 1.3) mm and 7.6 (S.D. = 1.4) mm respectively 
(Table III). The small standard deviations of shell heights and diameters 
of the large barnacle size class and the fact that no barnacles were observed 
on pumice in the original collections of October 1976 suggest that the large 
barnacles are the product of a single settlement in the late fall or early 
winter of 1976. 

Four of the twenty pieces of pumice examined in November also had newly 
settled barnacles (average height of 1.3 mm and diameter of 1.9 mm) present. 
The occurrence of these newly settled barnacles in November 1977, the exis- 
tence of ripe gonads in the adults examined in November 1977, and the failure 
to find barnacles on pumice in October 1976 suggest that this species, in 
Cook Inlet, may spawn and settle during the late fall and early winter. 

The stomach contents of potential barnacle predators taken in trawls 
were examined. Thirty king crabs, Paraltthodes camtschattca, collected at 
Station 35 had full stomachs. All crabs had barnacles in their stomachs; 

60% of these crabs were feeding exclusively on barnacles. The stomach 
contents of all king crabs feeding exclusively on barnacles were digested 
in KOH, and the shell weight remaining after KOH digestion determined. 

In addition, the average shell weights of barnacles, randomly selected and 
counted on pieces of pumice taken in trawls, were determined in a similar 
manner. Utilizing this data, an estimation of the average number of barna- 


cles in each of the king crab stomachs was made. The stomachs contained 
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barnacle shells equivalent to an average of 11.2 (S.D. = 7.4) barnacles per 
crab. King crabs were not present in trawl catches from station 35 in 1976; 
this suggests that this predator has been attracted by the presence of 
barnacles, a new and abundant food source. 

Other organisms taken in the trawls with barnacles in their stomachs 
were the hermit crab (Pagurus ochotensts) and the snow crab (Chionoecetes 
bairdt). Of twenty-five P. ochotensits examined at Station 35, 55% had 
barnacles in their stomachs. Pagurus ochotensis is also an important prey 
species for the commercially important snow crab Chionoecetes batrdt. Two 
C. batrdi were also captured with barnacles in their stomachs at this station. 
Barnacles are frequently eaten by C. batrdt throughout most of Cook Inlet 
(Feder, OCSEAP Reports). 

Based on the information available for Station 35, it is apparent 
that the substrate provided by the volcanic eruption of Augustine Island 
has had an important effect on population densities of barnacles and 
the food habits of benthic crabs. Further study of the extent of this 
newly added hard substrate, barnacle settlement, the effect of this 
settlement on local food webs, and the reproductive biology of benthic 
invertebrates should be encouraged. Continuing studies of king crabs, 
snow crabs, and other crustacean feeding habits throughout lower Cook 


Inlet are planned as part of our continuing OCSEAP investigations there. 


Laboratory Studtes Currently tn Progress 

A cruise on the NOAA Ship Surveyor resulted in the collection of 
large numbers of epifaunal organisms. Live snow and king crabs, hermit 
crabs and some pandalid shrimps were returned to the Seward Marine Labor- 
atory for behavioral, reproductive and feeding studies. These animals 
are feeding, and have survived with minimal mortality. Snow, king, and 
hermit crabs have molted in the tanks. Snow and king crabs have also 
copulated, and some of these females are now ovigerous. One female king 
crab released larvae in one of the tanks; the larvae have survived for 
two weeks on a diet of live copepods. Additional detailed information 


should be available for the next progress report. 
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Northeast Gulf of Alaska (NEGOA) 
Benthic Infaunal Program 

The infaunal sampling program conducted in the field is now completed 
(see Feder, 1977 for further details). A discussion of the results of 
cluster analysis of all data available to date is included in Appendix 
VI of the Annual Report for 1977 (Feder, 1977). All data from the NOAA 
Ship Discoverer cruise D5001 have been processed and analyzed using cluster 
and principal coordinate analysis routines. We are presently in the process 
of interpreting this data and comparing it with the results obtained from 
previous cruises (Feder, 1977; Feder et al., 1976b; Matheke et al., in 


press). 


Trawl Program 

The basic intent of the joint benthic invertebrate-demersal fish pro- 
gram was fulfilled by collection of invertebrate samples and fish stomachs 
on three legs (25 days per leg) of the Northwest and Alaska Fishery Center 
trawl charter, from May through August, 1975. 

All samples have been processed, species identified, and all data tab- 
ulated (stored on magnetic tape at NODC). 

Taxonomic analysis delineated 9 phyla, 19 classes, 82 families, 124 
genera, and 168 species of invertebrates from 140 stations. Mollusca, 
Arthropoda (Crustacea), and Echinodermata dominated species representation 
with 47, 42 and 36 species taken respectively. The same phyla made up 95% 
of the invertebrate biomass in this order: Arthropoda (71.4%), Echinodermata 
(19.0%), and Mollusca (4.6%). 

All data have been reported in detail in Feder (1977) and Jewett and 
Feder (1976). 


Cod Feeding Studies 
All data for this section are included in the OCSEAP Annual Report 


(Feder, 1977) and in Jewett (1977; and in press). 


Bering Sea 
General Comments 
A final report, based in part on grab, pipe dredge, and trawl collec- 


tions discussed in Feder (1977), is in preparation. 
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The grab data representing the stations listed in Table IV have been 
analyzed to determine station groupings. A total of 62 stations were 
analyzed; 59 of these were previously examined (Feder, 1977). The sta- 
tions were classified with respect to both 180 and 218 species as variables. 
The former case includes all individuals occurring in at least five 
stations; the latter represents individuals occurring at least three 
times. The criterion for inclusion in this year's study was the repre- 
sentation of each station by at least three grabs. Several methods 
were used to determine station groupings: cluster analysis (hierarchical, 
average-linkage, using Czekanowski's coefficient: see Feder, 1977), 
principle coordinates (using Czekanowski's coefficient as a distance 
measure) and principle components (using the taxon-taxon correlation 
matrix). A composite picture of the results is presented in Figure 2. 

In all three analyses the raw data was untransformed or I1n-trans- 
formed numbers of individuals per square meter for the 180 taxon data 
set. Both the 218 taxon data set (counts and weights) and wet weights 
from the 180 taxon data set proved to be too poorly structured to yield 
interpretable results. 

The station groupings shown in Figure 2 are a decided compromise 
between the results of the three methods. The inclusion of the station 
string 60-65 (data not available in 1977) has resulted in only minor 
changes in the interpretation of this data. Most noteworthy is the devel- 
opment of a continuous outershelf group (STA 16, 17, 18, 31, 29, 36, 54, 
64, 65, 70) giving the impression of contiguous communities iying in bands 
oriented along major bathymetric zones (i.e. near shelf break, mid-shelf, 
near shore). In general, the stations at the extreme ends of the groups 
were difficult to classify, showing different affinities with different 
techniques. These ambiguities will be dealt with in detail in the final 


report. 


An Analysts of Invertebrate (Primarily elams) Distrtbutton tn Relation 
to Sediment Types 


The clam distribution data were obtained from 44 stations located 
on the eastern Bering Sea shelf. 
The four most abundant species of clams, Nucula tenuis, Nuculana 


fossa, Cyclocardia crebricostata and Macoma calcarea, were selected for 
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TABLE IV 


BERING SEA BENTHIC GRAB STATIONS USED IN THE AGGLOMERATIVE 
HIERARCHICAL CLUSTER ANALYSIS 


————— EE 


Station Latitude Longitude 
1 557183 ifeys} = als} 
Z 55 r oi 162210798 
3 SOR line HOMO 2s 
4 56°46! 1597525 
5) Si/p2ie 158°58' 
6 By sy 159705" 
7 577589 P5Sr1 52 
8 Byes ll7hy 159°32' 
9 S/S De 160°08' 

10 5/719! 161°06' 
alt 56745) 6d 59s 
2. 56°09" 622564 
13 59334 163°49' 
14 54239) N65! «25 
NS) 54 el87 Love SOx 
16 SAP Se 166°44' 
IE? 654291 165°50' 
18 56°06' 164°54' 
19 56°40! 16357 ¢ 
20 Bye Alisy 163'205) 
22 5755008 162°11' 
23 5ee2Oe NOTES Zale 
24 58°46' M62 29M 
25 5S gly: 1632133, 
27 Sy oy 164°16' 
28 Sy 165°04' 
29 56°36" 165257¢ 
30 56°00" 166° 51% 
31 S224 67 247s 
39 boy Lon 163° 20% 
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TABLE IV 


CONTINUED 

Station Latitude Longitude 
36 Sonat" 167755! 
BH 58°40' 169°00' 
38 57°40" 166°06' 
39 58203" V6 552.9% 
40 58°08' 165i kOe 
41 Byshayi 164-15" 
42 59°16' 1652208 
43 58ea2" 16627! 
45 Bish 70) alfoyy/ alo) 
49 56525" 169°56' 
Sy 58°36! 168213" 
59 59= 12% a 7/ alts 
60 59°43" 166°24' 
61 59°39" 168°22' 
62 59°06" alfexe)scaksy 
63 Dy shoe) 170210." 
64 58°01" 17/1°08' 
65 Bp a725 i205" 
924 5/4284 167-28) 
935 58°50! 169°19" 
937 58e4i" 169°18' 
939 58°29" 169°19' 
941 58220) 169°19' 
942 DoaZou N6E9e23" 
47 56°58" 169°0O1' 
55 Sy eds) 170°08' 
70 5829" 107 2a aad 
TAA 59°04" Ufa al(0)e 
72 59°34! TRO alin 
73 60°02" 169°29' 
82 60°33" 170°29' 
83 60°02" 7 2.6 
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Figure 2. Major station groups identified by cluster, principle components 
and principle coordinates analyses of 62 stations, variables are 


LN (C+ 1), C = # individuals/m*. 
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consideration from 76 species. Tellina lutea did not fit the chosen 
criteria, but was also selected due to its potential commercial value. 

The sediment (6) phi values increased with distance from shore, 
depth and decreased circulation. A low species diversity and abundance 
occurred in shallow water with coarse unsorted sediments. The greatest 
diversity and abundance occurred in deep water where finely sorted sedi- 
ments were combined with high organic carbon values. 

Macoma calearea and Cyclocardia crebricostata exhibited the widest 
distribution in relation to sediment particle size and depth, while 
Nueula tenuts and Nuculana fossa distributions were confined to finely 
sorted sediments on the mid-shelf area. Tellina lutea was confined to 


the inner shelf area of moderately sorted sediments. 


VII. DISCUSSION 


Kodiak Shelf and NEGOA 

Data and discussions for these two regions are available in the 
OCSEAP Annual Report for 1977 (Feder, 1977), the Final Report for two 
bays of Kodiak (Feder and Jewett, 1977), and the Final Report for the 
Northeast Gulf of Alaska (Jewett and Feder, 1976). 

Further OCSEAP research activities are planned for the spring and 
summer in Kodiak, and are currently underway for Cook Inlet by way of 


laboratory and cruise activity. 


Lower Cook Inlet 
A full discussion of the cruises of the R/V Moana Wave and NOAA 
Ship Miller Freeman in 1976 are included in the section on Cook Inlet 


appended to this Annual Report as Section II. 


Bering Sea 

Data and preliminary discussion of this region is presented in the 
1977 OCSEAP Annual Report (Feder, 1977). Final reports that will encom- 
pass two years of data collection are in preparation. These reports 
will contain information obtained by van Veen grab, pipe dredge and 
trawl. Special attention will be given to mathematical treatment of 


grab sample data, feeding interactions and clam biology. 
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VIII. CONCLUSIONS 
Kodiak Shelf 

Fifty-three permanent stations have been established in two bays of 
Kodiak Island - Alitak (28 stations) and Ugak (25 stations) bays (see 
Final Report: Feder and Jewett, 1977). There is now a satisfactory know- 
ledge, on a station basis (for the months sampled), of the distribution 
and abundance of the major epifaunal invertebrates of the two study bays. 
Twelve phyla were represented in the collections. The important groups, 
in terms of species, in descending order of importance were Arthropoda 
(Crustacea), Mollusca, Echinodermata and Annelida. The latter three groups 
accounted for less than 1.0% of the biomass collected in each bay, while 
Arthropoda accounted for 95.8 and 99.1% of the biomass in Ugak and Alitak 
Bay respectively. 

Additional seasonal data are essential. It is only when such con- 
tinuing information is available that a reasonable biological assessment 
of the effect of an oil spill on these bays can be made. 

Differences in sex composition and stage of maturity of king and snow 
crabs between and within the two bays were evident. Throughout the sampling 
period in Alitak Bay, king crabs occurred mainly at the outer stations and 
consisted primarily of egg-bearing females and juveniles of both sexes. King 
crabs were well dispersed throughout Ugak Bay during this period, and con- 
sisted mainly of juveniles. Snow crabs in Alitak Bay were primarily juven- 
iles while mainly adult males inhabited Ugak Bay. Life history data for 
these crabs for March, June, July and August are now available. 

Preliminary feeding data for the most common epifaunal species of the 
two bays is presented in Feder and Jewett (1977). Of special importance 
is the food data compiled for the two commercially important crabs of the 
Kodiak area - snow and king crabs. These data in conjunction with similar 
data compiled for these two species in Cook Inlet and the Bering Sea (Feder, 
1977) should contribute to an understanding of the trophic role of these crabs 
in their respecive ecosystems and the impact of oil on crab-dominated systems 
such as those found in Alitak and Ugak Bays. 

The importance of deposit-feeding clams in the diet of king and snow 
crabs is demonstrated for the two bays; this situation is also true for 


crabs observed elsewhere. A high probability exists that oil hydrocarbons 
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will enter crabs vta these deposit-feeding molluscs, suggesting that studies 
interrelating sediment, oil, deposit feeding clams, and crabs should be 
initiated soon. 

Sampling crabs and fishes using trawls and stomach analysis has made 
it possible to understand a major component (the epifauna) of two Kodiak 
bays. However, a full comprehension of the benthic systems there will only 
be achieved when these studies are expanded to include an assessment of 
infauna as well. Data available suggest that adequate numbers of unique, 
abundant, and/or large species are available to permit nomination of likely 
monitoring candidates. Presumably, a monitoring program would be based pri- 
marily on recruitment, growth, food habits, and reproduction of the chosen 


species. 


Lower Cook Inlet 

The Final Report (attached as Section II) summarizes the benthic inver- 
tebrate work accomplished in Cook Inlet in 1976, and discusses the major find- 
ings for this period. The Conclusions for this period of activity are in- 


cluded in Section II of this Report. 


Northeast Gulf of Alaska (NEGOA) 

Data collected since the inception of the studies in NEGOA in 1974 
have made it possible to comprehend various aspects of the distribution, 
abundance, and general biology of the more important invertebrate compo- 
nents of the shelf. Some generalization are now possible, and are included 
below (also see Feder and Mueller, 1975; Feder et al., 1976b; Feder, 1977 
for the data base used for conclusions below). 

Forty-two widely dispersed permanent stations have been established 
to sample the infauna in the northeastern Gulf of Alaska in conjunction 
with the physical, chemical, heavy metals and hydrocarbon programs. These 
stations represent a reasonable nucleus around which a monitoring program 
can be developed (Feder, 1977). 

The sampling device chosen, the van Veen grab, functioned effectively 
in all weather and adequately sampled the infauna at most stations. Pene- 
tration was excellent in the soft sediments characteristic of the majority 


of stations; poor penetration occurred at a few stations where the substratum 
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was sandy or gravelly. General patchiness of many components of the infauna 
and quantitative field testing for optimum number of replicates per station 
suggest that five replicate grabs are adequate. 

There is now a reasonable understanding, for grab stations occupied on 
the NEGOA shelf, of the invertebrate species present and general species dis- 
tribution. Four hundred and fifty-seven (457) species have been identified. 
Fourteen marine phyla are represented in the collections. The important 
groups, in terms of number of species in descending order, are the polychae- 
tous annelids, mollusca, arthropod crustaceans, and echinoderms. It is prob- 
able that all species with numerical and biomass importance have been col- 
lected and that only rare species will be added to the list in the future. 

The diversity indices included in the 1976 Annual Report (Feder et al., 
1976b), Simpson, Brillouin, and Shannon-Wiener, are complimentary since the 
former reflects dominance of a few’species and the latter two are weighted 
in favor of rare species. Values calculated in the 1977 Annual Report (Feder, 
1977), in general, reflect these weightings. A preliminary examination of 
the two measures of evenness (or equitability) indicates a reasonable rela- 
tionship to the calculated diversity values. In general, high measures of 
evenness show numerical codominance of many species (with low Simpson index 
and high Shannon-Wiener and Brillouin indices) while low evenness measures 
imply marked dominance of a few species (high Simpson index and low Shannon- 
Wiener and Brillouin indices). All of these indices and measures must still 
be interpreted with considerable caution until more data are available. 
Further assessment of the meaning of the calculated values will be included 
in the NEGOA Final Report. 

Criteria established for Biologically Important Taxa (BIT) for the grab 
data have delineated 95 species. These species have been subjected to de- 
‘tailed analysis in an attempt to comprehend station species aggregations 
or communities. Representative members of the BIT should be the organisms 
most intensively studied for their general biology in future work on the 
NEGOA shelf. 

Information on feeding biology of most species has been compiled. Most 
of the information for the northeast Gulf of Alaska is from literature source 
material; it is suggested that experimental work on feeding biology of sel- 


ected species be encouraged for this region. 
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Clustering techniques have supplied us with valuable insights into 
species distributions on the shelf of the northeast Gulf of Alaska. The 
preliminary grouping of stations by three different classification schemes 
has delineated three basic clusters - Group I, which is characterized by 
a group of stations south of Prince William Sound; Group II, which gener- 
ally consists of stations close to shore; and Group III, composed of sta- 
tions that are at or near the shelf edge. Further insight into the meaning 
of stations clustered by our analysis is gained by means of the two-way 
coincidence table of station groups vs. species groups. Specific groupings 
of species can be related to station clusters, and intermediate positions 
of stations (or clusters) can be determined by the particular groupings of 
species they have in common. Some insight into the stability of the clus- 
ter groups should be gleaned by examination of clustering of the second 
year station data. Analysis of this data is still in progress and will be 
considered in the Final Report (preliminary data and analysis are included 
as appendix Table V in Feder, 1977). 

Initial qualitative assessment of data printouts of infaunal species 
(data to be stored at the National Evnironmental Data Center) indicates 
that (1) sufficient station uniqueness exists to permit development of an 
adequate monitoring program based on species composition at selected sta- 
tions, and (2) adequate numbers of unique, abundant, and/or large species 
are available to ultimately permit nomination of likely monitoring candi- 
dates. 

The trawl survey on the NEGOA shelf for investigation of epifaunal 
invertebrates and demersal fishes was effective (Jewett and Feder, 1976). 
The major limitations of the survey were those imposed by the selectivity 
of the gear used and the seasonal movements of certain species taken. In 
addition, rocky-bottom areas were not sampled since otter trawls of the 
type used in the survey could only be fished on relatively smooth bottom. 
However, the study was effective for determining the epibenthic inverte- 
brates and demersal fishes present on sediment bottom and for achieving 
maximum spatial coverage of the area. Integration of this information 
with data on the infaunal benthos (Feder et al., 1976b; Feder, 1977) will 


enhance our understanding of the shelf ecosystem. 
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To date this investigation represents the only intensive taxonomic 
survey of epibenthic invertebrates in the Gulf of Alaska. Although Hitz 
and Rathjen (1965) surveyed invertebrates and bottom fishes on the con- 
tinental shelf of the northeast Gulf of Alaska in 1961 and 1962, inver- 
tebrates taken in their trawl were of secondary interest. Only major 
invertebrate species and/or groups were recorded, and organisms were 
grouped into eight categories in descending order of importance: heart 
urchins (Echinoides), snow crabs (Chtonoecetes batrdt), scallops (Pec- 
ten caurtnus), shrimps (Pandalus borealts, P. platyceros, and Pandalop- 
sts dtspar), king crabs (Paraltthodes cantschatica), and miscellaneous 
invertebrates (shells, sponges, etc.). Additional data on commercially 
important shellfishes are available in Ronholt et al. (1976). 

Preliminary analysis of epifaunal data from the present investigation 
indicates that molluscs, crustaceans, and echinoderms are the leading 
invertebrate groups on the shelf with the commercially important crab, 
Chtonoecetes batrdt, clearly dominating all other species. Furthermore, 
stomach analysis of the Pacific cod, Gadus macrocephalus, on the Kodiak 
shelf area, reveals that C. batrdt is a dominant food item of that fish. 
Thus, the Pacific cod, a non-commercial species which has commerical po- 
tential (Jewett, 1977; and in press), is preying intensively on a species 
of great commercial significance. Laboratory experiments with C. bairdz 
have shown that postmolt individuals lose most of their lags after expos- 
ure to Prudhoe Bay crude oil (Karinen and Rice, 1974). The results of 
these experiments must be seriously considered in the course of develop- 
ment of petroleum resources in the Gulf of Alaska. 

Highest densities of Chtonoecetes batrdt, Pandalus borealis, Ophiura 
sarst, Ctenodiscus crispatus, and fishes were recorded in the vicinity of 
the Copper River delta southwest to Kayak Island (see Ronholt et Gaby 976; 
for distribution and density data for fishes there). Little is known about 
the productivity of this area, but primary and secondary production may be 
higher there as a result of nutrients supplied by the Copper River. Further- 
more, enhanced productivity there may be related to the presence of gyres 
that extend vertically from the water surface to the bottom (Galt, 1976). 

Availability of many readily identifiable, biologically well-under- 
stood infaunal and epifaunal invertebrates is a preliminary to the devel- 


opment of monitoring programs. Sizeable biomasses of taxonomically 
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well-known molluscs, crustaceans, and echinoderms were typical of most 
of our stations, and many species of these phyla were sufficiently abun- 
dant to represent organisms potentially useful as monitoring tools. The 
present investigation should clarify some aspects of the biology of many 
of these organisms, and should increase the reliability of future moni- 


toring programs for the Gulf of Alaska. 


Bering Sea 

Data collected since the inception of the studies in the Bering Sea 
have made it possible to comprehend various aspects of the distribution, 
abundance, and general biology of the more important invertebrate com- 
ponents of the shelf. Some generalizations are now possible, and are 
included below (also see Feder et al., 1976a; Feder, 1977 for the data 
base for the conclusions below). 

Seventy-seven widely dispersed permanent stations and seven stations 
of opportunity have been established in conjunction with the chemical, 
hydrocarbon, heavy metals, and geological programs. These station repre- 
sent a reasonable nucleus around which a monitoring program can be devel- 
oped. Sixty-two stations have been processed and analyzed to date. 

The sampling device chosen, the van Veen grab, functioned effectively 
in all weather, and adequately sampled the infauna at stations with a 
sandy-mud or mud bottom. Poor penetration occurred at the stations where 
the substratum was sandy or gravelly. Since coarse sediments are more 
characteristic of the Bering Sea than the Gulf of Alaska, reduced volumes 
were found in most grabs throughout the station grid. However, an initial 
qualitative assessment of grab volumes obtained on most of the stations on 
the grid indicate that the majority of the stations can be considered 
quantitative (i.e., grab volumes greater than 5 2). The general patchiness 
of many components of the Bering Sea fauna suggests that the five to six 
replicate samples taken per station are the minimum number that should be 
taken. 

There is now a satisfactory data base for the invertebrate species 
(infauna and epifauna) for that portion of the Bering Sea shelf grid 
analyzed to date. Six hundred and forty-three (643) species have been 
isolated. Thirteen (13) marine phyla are represented in the collections. 


The important groups, in terms of number of species, are the Annelida (180 
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species), Arthropoda (129 species), Mollusca (109 species), and Echino- 
dermata (17 species). It is probable that all infaunal and slow-moving 
epifaunal species with numerical and biomass importance were collected 
during the intensive sampling program of the spring, summer, and early 
fall of 1975 and 1976. It is assumed that only rare species will be 
added to the list in the future. 

Insufficient data from the cruises of the NOAA Ships Miller Freeman 
and Discoverer are available to test for seasonal fluctuations in species 
by station. However, the series of cruises of these vessels in the spring, 
summer, and early fall of 1975 and 1976 made available some limited sea- 
sonal grab station data; no funds are currently available for processing 
these samples. Some mid-winter quantitative grab data are available from 
stations within the study area by way of investigations of Fay et al. 
(1975) and Stoker (1973). Additional qualitative information on distribu- 
tions of infaunal species in the study area at various periods can be 
found in the Soviet literature (see Alton, 1974 for review). 

The two diversity indices applied to infauna included in the 1976 
Annual Report (Feder et al., 1976b), Simpson and Shannon-Wiener, are com- 
plementary to each other since the former reflects dominance of a few 
species and the latter index is weighted in favor of rare species. No in- 
terpretations can be made at present on the available station data. These 
indices should be interpreted with caution until more data are analyzed. 

Criteria established for Biologically Important Taxa (BIT) have de- 
lineated 121 species (Feder et al., 1976a). These species will be ranked, 
and most of those of high rank subjected to detailed analysis in an attempt 
to comprehend species aggregations. Representative members of the BIT will 
be the organisms most intensively studied for their general biology. 

Information on feeding biology of most species collected by grab has 
been compiled. Most of this information is from literature source material; 
it is recommended that experimental work on feeding biology for selected 
species be encouraged. Some qualitative assessment of the distribution of 
some infaunal species, their feeding methods, and the type of sediment 
found where they live has been included in the 1976 Annual Report (Feder et 


al., 1976a). As analysis of sediments collected at each benthic station is 


completed, further integration of sediment parameters and resident biota 
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will be made (see Hoskin, 1976 for preliminary comments on the relation- 
ship of sediments to biota). 

The seasonal ice cover over much of the Bering Sea shelf, some in- 
dication of primary productivity several meters over the bottom, and 
seasonal upwelling in Bristol Bay suggest unique variations in energy 
flux and nutrient cycling. Explanations for benthic community structure 
in the Bering Sea should be sought, in part, in the unique variations of 
the ecosystem there. "A description of the structural components of that 
ecosystem and estimates of the rates at which the underlying processes 
operate will lead...to increased knowledge of such systems in general,..." 
(Hood, 1973). The shallow shelf benthic system will be examined by multi- 
variate statistical techniques applied to species present in an attempt to 
cluster or aggregate groups of stations and species. Once this is accom- 
plished, community structure will be examined by examining trophic inter- 
actions of resident species within clusters. Additional infaunal information 
obtained using the pipe dredge, which samples deeper into the sediment, will 
obviously increase the number of known species. Pipe dredge data will also 
greatly assist in the analysis and understanding of some of the crab and 
fish feeding data. 

The joint National Marine Fisheries Service trawl charter for investi- 
gation of epifaunal benthos was effective, and maximum spatial coverage was 
achieved. Integration of this information with the benthic infauna data 
will enhance our understanding of the shelf ecosystem. 

Although other investigations of benthic epifauna have been accomplished 
in the Bering Sea, our work results in more thorough and complete numerical 
and weight determinations. The invertebrate species most commonly found at 
the trawling stations of the Miller Freeman cruises of 1975 and 1976 (Feder 
et al., 1976b) were Astertas amurensts, Chionoecetes opilto, Neptunea spp., 
Bueetnum spp., Gorgonocephalus caryt, Pagurus ochotensis, P. trigonochetrus, 
Haloeynthta aurantium and H. tgaboja. The area sampled in 1975 was gener- 
ally not deeper than 73 m (40 fathoms). Stations occupied in 1976 were 
generally deeper than 73 m. Obvious differences in species representation 
were noted with depth. Additional data will be presented and discussed in 


the Final Report. 
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In conclusion, it can be stated that sampling by means of grabs, 
pipe dredge, and trawls as well as stomach analysis of demersal fishes 
is essential if we are to fully comprehend trophic interactions in the 


benthic environment of the Bering Sea. 


IX. NEEDS FOR FURTHER STUDY 


Kodiak Shelf 

Although the trawling activities were satisfactory for determina- 
tion of the distribution and abundance of epifauna, a substantial compon- 
ent of both bays - the infauna - was not sampled. Since infaunal species 
represent important food items, it is essential that dredging be accom- 
plished at the bay stations in the near future. 

The present study has produced a data base describing the abundance, 
density, and distribution of epibenthic invertebrates as well as notes 
on reproductive biology of commercially important crabs during June, 
July, and August 1976, and March 1977. Additional studies are needed 
during other seasons and years to describe seasonal and year-to-year 
variations in the distribution and relative abundance of the epifauna. 

Seasonal predator-prey relationships should be examined in con- 
junction with simultaneous infaunal sampling. 

It is essential that large samples of the dominant clam prey species 
be obtained to initiate recruitment, age, growth, and mortality studies. 
These data will then be comparable to similar data being collected for 
clams of Cook Inlet and the Bering Sea (Feder, 1977). Any future modeling 
effo1ts concerned with carbon or energy flow in the Kodiak area will need 
this type of information. 

No physical, chemical, and sediment data are currently available. 
This information should be obtained in the future in conjunction with all 


biological sampling efforts. 


Lower Cook Inlet and NEGOA 


The number of grab stations occupied in lower Cook Inlet and NEGOA 
was dictated by available ship time and funding essential to complete pro- 
cessing of the samples. Thus, a relatively small number of stations were 


occupied on the extensive shelf of the northeastern Gulf of Alaska. It is 
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possible that some areas of significant biological importance were omit- 
ted. Additional stations should be occupied in the future to develop 
baseline data for some of the larger unsampled areas. 

All samples taken on a semi-seasonal basis in lower Cook Inlet and 
NEGOA should be processed, and all data made available to the general 
program of study of the benthic stations for the area. Analysis of all 
archived samples will make it possible to develop better feelings for 
seasonality of benthic infauna. 

Selected members of the infaunal Biologically Important Taxa (BIT) 
should be chosen for intensive study as soon as possible so that basic 
information will be available for development of a monitoring program. 
Specific biological parameters that should be examined are reproduction, 
recruitment, growth, age, feeding biology, and trophic interactions with 
other invertebrates and vertebrates. 

The advantage of cluster analysis techniques used to examine infauna, 
is that it provides a method for delineating station groups useful for 
developing monitoring schemes and delimiting areas that can be used for 
studies of food-web interactions. It is obvious that food webs will vary 
in areas encompassing differing species assemblages. An inaccurate or even 
erroneous description of the shelf ecosystem could occur if trophic data 
collected on species from one station cluster (with its complement of 
species) is loosely applied to another area encompassing a totally dif- 
ferent station cluster (with its differing complement of species). Thus, 
continuing development of clustering and other multivariate techniques 
should be pursued to refine methods to be certain the best methodology 
is available to a offshore monitoring program. 

It appears that temporal change in species groups at stations will 
lead to confusion in the interpretation of station groups if stations are 
always pooled in time. Williams and Stephenson's (1973) technique (species 
x time x sites) provides an excellent solution to this problem, but it re- 
quires that a study area be completely sampled at least three times per 
year. 

The cruises on NOAA vessels for grab-sampling and dredging, and the 
extensive trawl program in lower Cook Inlet and NEGOA resulted in relatively 


complete coverage of the benthos for invertebrate organisms. The needs for 
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the future are development of a monitoring plan, additional trawl data 
on a seasonal basis inclusive of intensive sampling of stomachs of a 
diversity of species, assessment of sediment - deposit feeder - predator 
relationships, and further grab-sampling, dredging, and trawl sampling. 
It is highly recommended that serious thought be given to the deve- 
lopment of an extensive modeling effort in the northeastern Gulf of 
Alaska inclusive of Kodiak and Cook Inlet. The substantial body of data 
on trophic interactions of organisms of the benthos, collected by Feder 
(1977), Feder and Jewett (1977), and Smith et al. (1977) for this region, 
suggests that a sufficiently large data base may now be available to 
initiate such an effort or at least to begin workshops to asses the pos- 


sibility of a modeling effort. 


Bering Sea 

Although the van Veen grab is satisfactory for use in the Bering Sea 
at stations with soft sediments, it is less satisfactory at stations with 
coarse fractions. Penetration of the grab was often not sufficient at 
the latter stations, and large infaunal species may have been missed by 
the grab. The use of a pipe dredge in 1976 collected some species that 
were deeper in the sediment. However, use of a box core sampler at some 
of these stations is indicated, and is suggested for the near future. 

The number of grab stations occupied was dictated by available ship 
time and funding essential to complete processing of the samples. Thus, 

a relatively small number of additional stations should be occupied in the 
future to develop some baseline data for the unsampled areas. Additional 
funds should be made available to complete the additional stations. 

Seasonal data on an approximately quarterly basis would be useful. 

It is especially recommended that under-ice samples be obtained when Coast 
Guard icebreaker capabilities are increased. 

Selected members of the infaunal Biologically Important Taxa (BIT) 
should be chosen for intensive study as soon as possible so that basic 
information will be available to a monitoring program. Specific biological 
parameters that should be examined are reproduction, recruitment, growth, 
age, feeding biology, and trophic interactions with other invertebrates and 


vertebrates. 


475 


The advantage of the cluster analysis technique for examining in- 
fauna is that it provides a method for delineating station groups that 
can be used for developing monitoring schemes and delimiting areas that 
can be used for studies of food-webs. It is obvious that food webs will 
vary in areas encompassing differing species assemblages. An inaccurate 
or even erroneous description of the shelf ecosystem could occur if tro- 
phic data collected on species from one station cluster (with its comple- 
ment of species) is loosely applied to another area encompassing a totally 
different station cluster (with its differing complement of species). Thus, 
development of clustering and other multivariate techniques should be pur- 
sued to refine methods to be certain the best methodology is available to 
the projected offshore monitoring program. 

A closer integration with the geological program is essential to 
better comprehend faunal-sediment interactions. It is recommended that 
our studies be closely coordinated sediment geologists in preparation of 
the Final Report. 

The extensive trawl program in conjunction with the National Marine 
Fisheries Service permitted complete coverage of the benthos for inverte- 
brate organisms. Considerable effort is still needed to complete this 
program in the current contract period, and the following is needed: maps 
of distribution and abundance for selected species, calculations of di- 
versity indices, derivation of a list of Biologically Important Taxa appli- 
cation of cluster analysis techniques to groups of species and stations, 
and further assessment of the results of food studies. The needs for the 
future to trawling activity are development of a monitoring plan as well 
as collection of additional trawl data on a seasonal basis. Additional 
food data are essential. 

The body of data on trophic interaction between organisms of the benthos 
in the Bering Sea (Feder, 1977; Smith et al., 1977) suggests that a suffi- 
ciently large data base may now be available to initiate a modeling effort 
for the Bering Sea or at least to initiate workshops to assess the possi- 


bilities that exist for such an effort. 
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X. SUMMARY OF FOURTH QUARTER OPERATIONS 


A. Ship or Laboratory Activities 
i> *Shipvorifield activities: 
a. NOAA Ship Surveyor, November 1977 
b. R/V Acona, November 1977 
Ze ‘SeLlentitice Party 
a. NOAA Ship Surveyor - A. J. Paul, J. McDonald, Phyllis Shoemaker 


b. R/V Acona - A. J. Paul, J. McDonald, H. M. Feder, Phyllis 
Shoemaker, Randy Rice 


3. Methods, results and discussion 
a. A final report on Ugak and Alitak Bay (Kodiak) was submitted. 


A NOAA/BLM Kodiak Coordination meeting was attended by H. M. 
Feder in Anchorage. 


c. A final report for Cook Inlet, based on the first two years of 
activities in the Inlet, has been completed. 


d. A NOAA/BLM Cook Inlet synthesis meeting was attended by H. M. 
Feder, A. J. Paul, and Stephen Jewett. 


e. All grab data from NEGOA are being analyzed in preparation 
for the development of a final report for the area. 


f. The two year backlog of Bering Sea trawl data is being organ- 
ized into a final report; tables and figures are in progress 
for that report. 


g. All grab and pipe-dredge data from the Bering Sea are being 
processed and organized in preparation for development of a 
final report. 


h. Snow crabs, king crabs, and hermit crabs collected in Cook 
Inlet on the NOAA Ship Surveyor in November are living in 
running seawater tanks of the Institute of Marine Science, 
Seward Marine Laboratory. Initial experiments on feeding 
interactions, food and crab condition and reproductive biology 
are in progress at the Seward Marine Laboratory. 


i. Procedures designed to examine bacterial biomass are being 
examined using sediments from Port Valdez, as part of a pilot 
project; procedures are to be applied to Cook Inlet sediments. 


j.- Stomach analyses of juvenile snow crabs from Cook Inlet are 
in progress at the Marine Sorting Center, University of Alaska. 


B. Problems Encountered 


No major problems were encountered during this quarter. 
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C. Milestones 


It is intended to maintain a consistent schedule for report prepara- 


tion. 


Some of the reports will be subdivided into sections, each section 


to be submitted as it is completed. The latter procedure should increase 


the data flow and data interpretation available to OCSEAP. The schedule 


for report submissions are as follows: 


al 
De 


3} 
4, 
> 
6 


Kodiak (Alitak and Ugak Bays) - Completed and submitted November. 
Norton Sound-Chukchi Sea - Completed and submitted February. 

Cook Inlet - Completed and submitted mid-March. 

Bering Sea Trawl Report - To be submitted Late April. 

NEGOA grab and trawl report - To be submitted Early May. 


Bering Sea grab and pipe dredge report - To be submitted Early June. 
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS WITH RESPECT TO 
OCS OIL AND GAS DEVELOPMENT 

It was the intent of this investigation to broaden the background 
on composition, distribution, and biology of the infaunal and epifaunal 
invertebrates of lower Cook Inlet. The specific objectives were: (1) 

a quantitative and qualitative inventory of dominant benthic invertebrate 
species, (2) a description of spatial distribution patterns of selected 
species, and (3) preliminary observations of biological interrelationships 
between selected segments of the benthic biota. 

Much of the baseline data on infaunal and epifaunal species needed 
prior to onset of petroleum-related activities in lower Cook Inlet is now 
documented. The van Veen grab, the only quantitative infaunal sampling 
device used, was of limited value because the high proportion of sand in 
sediments generally impeded grab penetration. On the other hand, a pipe 
dredge, also used to sample the infauna, provided valuable qualitative 
data. Agassiz and Eastern otter trawls made it possible to quantita- 
tively sample the larger, more motile species. 

In general, species composition decreased with larger sampling gear. 
Although only 13 stations were sampled with the van Veen grab, they 
yielded 211 species. The number of species taken by the small Agassiz 
trawl (149) exceeded the number taken by large Eastern otter trawl (53). 

Biomass (eine) from grabs and trawls were strikingly different. Use 
of trawls resulted in loss of infaunal and small epifaunal organisms, 
important components of the benthic biomass. Therefore, the total ben- 
thic biomass value is best expressed by combining both grab and trawl 
values. 

Seventy-four percent of the species taken by grab were polychaetous 
annelids and molluscs; 56% of the pipe-dredge species were polychaetes 
and molluscs. Snow crabs (Chionoecetes bairdti) dominated the catches 
at most trawl stations. Based on the high number of juvenile snow crabs 
taken by trawls and found in fish stomachs from the deep-water region 
east of Cape Douglas, this area appears to be a major snow crab nursery 
site. The importance of this crustacean in lower Cook Inlet is further 
emphasized by the existence of an intensive fishery for C. bairdt in 


lower Cook Inlet. 
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Food data for snow crabs (Chtonoecetes batirdi), king crabs (Para- 
Lithodes camtschatica), and 19 species of fishes are presented. The 
importance of deposit-feeding clams in the diet of king and snow crabs 
is demonstrated. It is suggested that comprehension of the relationship 
between oil, sediment, deposit-feeding clams, king and snow crabs is 
essential to an understanding of the potential impact of oil on the latter 
two commercially important species. 

Based on grab and pipe dredge sampling, it is clear that bivalve 
molluscs are widely distributed and important components of the lower 
Cook Inlet subtidal sediment system. Analysis of clam growth histories 
provides a useful tool for assessing the general condition of these 
molluscs, i.e., any disruption of shell growth may reflect environmental 
changes. Growth-history analyses are available for six species of 
common subtidal clams from lower Cook Inlet: WMucula tenuts, Nuculana 
fossa, Macoma calecarea, Tellina nuculoides, Sptsula polynyma, and Gly- 
eymerts subobsoleta. 

Initial assessment of all data suggests that: (1) sufficient station 
uniqueness exists to permit development of monitoring programs based on 
species composition at selected stations utilizing grab, dredge, and trawl 
sampling techniques, and (2) adequate numbers of biologically well-known, 
unique, and/or large species are available to permit nomination of likely 


monitoring candidates once industrial activity is initiated. 


II. INTRODUCTION 


General Nature and Scope of Study 

The operations connected with oil exploration, production, and trans- 
portation in Cook Inlet present a wide spectrum of potential dangers to the 
marine environment (see Olson and Burgess, 1967, for general discussion of 
marine pollution problems). Adverse effects of oil on the marine environment 
of these areas cannot be assessed, or even predicted, unless background 
data are recorded prior to industrial development. Insufficient long-term 
information about an environment, and the basic biology of species in 
that environment, can lead to erroneous interpretations of changes in 
types and de.isity of species that might occur if the area becomes 


altered (see Lewis, 1970; Nelson-Smith, 1973; Pearson, 1971, 1972; 
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Rosenberg, 1973, for general discussions on benthic biological investiga- 
tions in industrialized marine areas). 

Benthic invertebrates (primarily the infauna, and slow-moving epi- 
fauna) are useful as indicator species for a disturbed area because they 
tend to remain in place, typically react to long-range environmental 
changes, and, by their presence, generally reflect the nature of the sub- 
stratum. Consequently, organisms of the infaunal benthos have frequently 
been chosen to monitor long-term pollution effects, and are believed to 
reflect the biological health of a marine area (see Pearson, 1971, 1972, 
1975; and Rosenberg, 1973, for discussion on long-term usage of benthic 
organisms for monitoring pollution). The presence of numerous benthic 
epifaunal species of actual or potential commercial importance (crabs, 
shrimps, fin fishes) in lower Cook Inlet emphasizes the need to under- 
stand benthic communities there since many commercial species feed 
on infaunal and small epifaunal residents of the benthos (see Zenkevitch, 
1963; Feder, 1977a; Feder and Jewett, 1977; Jewett, in press; Paul et al., 
in press; and this report for discussions of the interaction of commercial 
species and the invertebrate benthos). Any drastic changes in density of 
the food benthos would directly impact these commercially important 
species, 

Experience in pollution-prone areas of England (Smith, 1968), Scotland 
(Pearson, 1972, 1975), and California (Straughan, 1971) suggests that at 
the completion of an exploratory study, selected stations should be examined 
regularly on a long-term basis to determine any changes in species com- 
position, diversity, abundance and biomass. Such long-term data acqui- 
sition should make it possible to differentiate between normal ecosystem 
variation and pollutant-induced biological alteration. Intensive in- 
vestigations of the benthos of lower Cook Inlet are also essential to 
understand trophic interactions there and to predict changes that might 
take place once oil-related activities are initiated. 

A benthic biological program in the northeast Gulf of Alaska (NEGOA) 
provided a qualitative and quantitative inventory of prominent species of 
the benthic infauna and epifauna there (Feder et al., 1976; Jewett and 
Feder, 1976). In addition, investigations concerned with the biology of 


selected benthic species from NEGOA and the Kodiak shelf (Jewett and Feder, 
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1976; Feder and Jewett, 1977; Jewett, in press) have furthered our under- 
standing of the overall Gulf of Alaska benthic system (Feder, 1977a). 
Initiation of a program designed to examine the subtidal benthos of lower 
Cook Inlet expanded coverage of the Gulf of Alaska benthic system and 
extended the assessment of fauna of the Gulf into little-known shallow- 
water benthic systems. The study reported here is a preliminary assess- 
ment of the sediment-dwelling benthic fauna of lower Cook Inlet, and is 
intended to precede a greater overall investigation of lower Cook Inlet 


(Feder, 1977b). 


Relevance to Problems of Petroleum Development 

The effects of oil pollution on subtidal benthic systems have, until 
recently, been neglected, and only a few studies on such systems, conduc-— 
ted after serious oil spills, have been published (see Boesch et al., 1974; 
Malins, 1977; Nelson-Smith, 1973, for reviews; Baker, 1976, for a general 
review of marine ecology and oil pollution). Lack of a broad data base 
makes it difficult to predict the effects of oil-related activity on the 
subtidal benthos of lower Cook Inlet. However, the rapid expansion of 
Outer Continental Shelf Environmental Assessment Program (OCSEAP)-sponsored 
research activities in this body of water should ultimately enable us to 
point with some confidence to certain species or areas that might bear 
closer scrutiny once industrial activity is initiated. It must be re- 
emphasized that a considerable time frame is needed to comprehend long- 
term fluctuations in density of marine benthic species; thus, it cannot 
be expected that short-term research programs will result in predictive 
capabilities. 

As indicated previously, infaunal benthic organisms tend to remain 
in place and, consequently, have been useful as indicator species for 
disturbed areas. Thus, close examination of stations with substantial 
complements of infaunal species is warranted (see Feder and Mueller, 
1975; National Oceanic Data Center (NODC) data on file for examples of 
such stations). Changes in the environment at these stations might be 
reflected in a decrease in diversity of species with increased dominance 
of a few (see Nelson-Smith, 1973, for further discussion of oil-related 
changes in diversity). Likewise, stations with substantial numbers of 


epifaunal species should be assessed on a continuing basis. The 
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potential effects of loss of species to the overall trophic structure in 
lower Cook Inlet can be partially assessed on the basis of benthic food 
studies (e.g. see, Jewett and Feder, 1976; Feder, 1977a; Feder and Jewett, 
OWT) ie 

The snow crab (Chtonoecetes batrdt) is a conspicuous member of 
the shallow shelf of lower Cook Inlet, and supports a commercial fishery 
of considerable importance there. Laboratory experiments with this 
species have shown that postmolt individuals lose most of their legs after 
exposure to Prudhoe Bay crude oil; obviously this aspect of the biology 
of the snow crab must be considered in the continuing assessment of this 
species (Karinen and Rice, 1974). Few other direct data based on labora- 
tory experiments are available for subtidal benthic species (Nelson-Smith, 
1973; also see Malins, 1977). Experimentation on toxic effects of oil on 
other common members of the subtidal benthos should be strongly encouraged 
in lower Cook Inlet as well as for all Outer Continental Shelf (OCS) areas 
of investigation. In addition, potential effects of loss of sensitive 
species to the trophic structure of Cook Inlet must be examined. 

A direct relationship between trophic structure (feeding type) and 
bottom stability has been demonstrated by Rhoads (see Rhoads, 1974, for 
review). He describes a diesel fuel spill that resulted in oil becoming 
adsorbed on sediment particles which in turn caused death of many deposit 
feeders living on sublittoral muds. Bottom stability was altered with the 
death of these organisms, and a new complex of species became established 
in the altered substratum. Many common members of the infauna of lower 
Cook Inlet are deposit feeders; thus, oil-related mortality of these 
species could likewise result in a changed near-—bottom sedimentary regime 
with subsequent alteration of species composition there. In addition, 
the commercially important king (Paraltthodes camtschattica) and snow 
crabs (Chionoecetes batrdt), and some bottom fishes, use deposit feeding 
invertebrates as food; also, varying amounts of sediment are found in the 
digestive tract of snow crabs (Feder, 1977a; Feder and Jewett, 1977). 
Thus, contamination of the bottom by oil might directly or indirectly 


affect these commercial species in lower Cook Inlet. 
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III. CURRENT STATE OF KNOWLEDGE 


A compilation of data is available on commercially important shell- 
fish of lower Cook Inlet. The U.S. Bureau of Commercial Fisheries 
(National Marine Fisheries Service) have conducted distribution and 
abundance surveys in this area on shrimps and crahs since 1958 (see 
references below). More recent investigations on larval and/or adult 
stages of shellfish species have been carried out (Hennick, 1973; 

ADF&G, 1976; Feder, 1977a). A detailed examination of the food of 

snow crabs from lower Cook Inlet is included in Paul et al. (in press). 
Data on non-commercial, benthic invertebrates are not as extensive as 
that available for commercial species in lower Cook Inlet (U.S. Bureau 

of Commercial Fisheries, 1958, 1961, 1963 cited in U.S Dept. Inter., 
1977; Feder, 1977a). Further studies on the interactions of selected 
benthic invertebrate species from lower Cook Inlet are currently underway 
(Feder, 1977b). Littoral zone studies have been conducted (Dames and 


Moore, 1977) and are being continued by Lees (1977). 


IV. STUDY AREA 


A station grid, in addition to several stations of opportunity, were 


established for benthic sampling in lower Cook Inlet (Fig. 1; Table I). 


V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION 


Benthic infauna and epifauna were collected aboard the R/V Moana Wave 
from March 30-April 15, 1976; the M/V Puffin from August 10-12, 1976; and 
the NOAA Ship Miller Freeman from October 18-29, 1976. Sampling in 
April was carried out using a 0.1 ne van Veen grab, a pipe dredge (36 x 
91 cm), an Agassiz trawl (2.0 m horizontal opening), a try-net Bey im 
horizontal opening), and a clam dredge. Sampling in August was con- 
ducted in the nearshore waters of outer Kenai Peninsula (Fig. 2) by 
the Alaska Department of Fish and Game with a 0.61 m wide by 0.91 m long 
sled-like bottom skimmer. Tows covered approximately 0.2 mile. October 
sampling was conducted with a pipe dredge, Agassiz trawl, 400-mesh East- 


ern otter trawl (12.2 m horizontal opening), and a clam dredge. The pipe 


Ispecific station location data available from ADF&G, Homer, Alaska. 


491 


Study area 
lL on 


¢ Anchor Point 


LOWER oe 


: ere 
COOK ENCE T Homer SKACHEMA 
BAY 


32e UW2e 93) 
Augustine @U0G 


Ys)\ PENINSULA 
Island c 
28 


KAM/SHAK 
BAY 


KENNEDY 
@6 @5A05 @3 @2 ENTRANCE 


Barren Islands 
Jad 
a 


a 


Figure 1. Lower Cook Inlet benthic stations occupied by the R/V Moana Wave 


April, 1976 and NOAA Ship Miller Freeman October, 1976. The 
shaded portion represents the tract selection area. 
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TABLE I 


BENTHIC STATIONS SAMPLED AND TYPE OF GEAR USED IN LOWER COOK INLET 
APRIL AND OCTOBER, 1976 
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TABLE I 
CONTINUED 


van! Eastern 
Pipe Agassiz ry Veen Otter Clam 
Station* Dredge Trawl net Grab Trawl Dredge 


Name April October April October April April October April October 
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* Total number of stations sampled = 74 
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Figure 2. Bottom skimmer stations occupied by Alaska Department of 
Fish and Game, August 1976. 
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59° 20' 


59° I0' 


dredge, try-net, clam dredge, and bottom skimmer were used for qualita- 
tive sampling only, while the van Veen grab, Agassiz and Eastern otter 
trawl data were treated quantitatively. Five or six grabs were generally 
obtained at selected stations. Sampling time for the Agassiz and Eastern 
otter trawls was usually 15 and 30 minutes, respectively. 

Material from each grab was washed on a 1.0 mm stainless steel screen, 
and preserved in 10% formalin buffered with hexamine. Labeled samples 
were returned to the Marine Sorting Center, University of Alaska, where 
all organisms were identified, counted, and wet-weighed after excess 
moisture was removed. 

The pipe dredge was used to, (1) determine if the van Veen grab was 


adequately sampling infauna; (2) provide additional infaunal data in areas 


where van Veen grabs could not penetrate properly; (3) provide specimens for 


comparison with items found in stomachs of crabs and fishes examined in 
feeding studies; and (4) collect large numbers of clams for age-growth 
investigations. Clams were removed from pipe-dredge samples, preserved 
in 10% buffered formalin, and shipped to the Seward Marine Station for 
examination. The remainder of the material from the dredge was examined 
in Fairbanks. 

All invertebrates from trawls were sorted on shipboard, given tenta- 
tive identifications, counted, weighed, and aliquot samples of individual 
species preserved and labeled for final identification at the Institute 
of Marine Science, University of Alaska. 

After final identification, all invertebrate species were assigned 
code numbers to facilitate computer analysis of data (Mueller, 1975). 
Representative and voucher samples of invertebrates were stored at the 
Institute of Marine Science, University of Alaska, Fairbanks, Alaska. 

The stomach contents of snow crab, king crab and selected species 
of fishes were examined on shipboard. Stomachs were removed immediately, 
and their contents examined with a dissection microscope when necessary. 
Prey organisms were counted and identified to the lowest possible taxon. 
If the number of prey could not be determined, contents were recorded as 
a single specimen of the food item. This was often the case with barnacles 
and occasionally bivalves. Crabs were separated by size, sex, and state of 


maturity. Male snow crabs with carapace widths greater than 110 mm were 
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considered sexually mature (Brown and Powell, 1972). Female snow crabs 
were classified as immature (pre-reproductive) or mature (reproductive 
or post-reproductive) based on the enlarged abdomen, modified pleopods, 
and egg clutch of the adults (Yoshida, 1941). 
Food items were recorded as frequency of occurrence, in which prey 
items were expressed as the percent of the predator containing various 
food items relative to the total number of the predator analyzed. 
Sampling with dredges, grabs and trawls at each station made it possible 
to obtain information on potential prey (Table II) of snow crab, and facili- 


tated identification of stomach contents. 


VI. RESULTS 


Invertebrate specimens from 74 OCSEAP stations sampled by the R/V 
Moana Wave and the NOAA Ship Miller Freeman were examined as well as 
specimens from 26 Alaska Department of Fish and Game (ADF&G) stations 


sampled by the M/V Puffin. 


Infaunal Program 
van Veen Grab 

Forty-eight stations were occupied with a van Veen grab in April. 
Thirteen of these stations were re-occupied in October. Only 13 stations 
occupied in April were examined in the laboratory; the balance of the 
samples were archived. Isolation of 211 invertebrate species was made 
from these stations (Table III). Members of 10 phyla were collected; 
polychaetous annelids comprised the most important group with 93 species. 
Mollusca were next in importance with 64 species, and Arthropoda (Crusta- 
cea) were next with 33 species. Echinodermata were fourth in importance 
with 8 species (Table IV). 

OCSEAP Station 45 had the highest biomass of 732 See (Table V), 80% 
of which was the sand dollar, Eehinarachnius parma. Detailed quantitative 
data for the 13 April stations, as well as qualitative data on the remain- 
der of the grab stations, are on file at NODC (or are included in the 


Special Data Submission filed with NOAA [Shaw et al., 1976]). 


Pipe Dredge 


Pipe dredge sampling provided the most comprehensive station coverage. 
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TABLE II 


STATION CHECKLIST OF POTENTIAL PREY ORGANISMS OF CHIONOECETES BAIRDI COLLECTED 
BY VAN VEEN GRAB AND/OR PIPE DREDGE FROM THE LOWER COOK INLET STUDY AREA. 


A = abundant, C = common, and R = rate. 


STATION 


SAM SB 1s 23a) 28 40A_ 41 53. 62A 


Annelida - - 

Sipunculida = = 

Mollusca 

Pelecypoda 
Nuculana tenuts 
Nuculana fossa 
Yoldta hyperborea 
Macoma spp. 
Sptsula polynyma 
Tellina nuculotdes - - 
Glyeymerts subobsoleta - = - 
Myttlus edulis - - - - - 
Musculus sp. - - ~ - - 
Htatella arctica - - - 
Serripes groenlandicus - - c 
Astarte spp. - - R - 
Pecten caurinus - - - 
Unidentified bivalves - - - - 
Gastropoda 
Natieca clausa - - - 
Polinices sp. - = c 
Neptunea lyrata - Cc A R 
Nuecella lamellosa - - - 
Trichotropts cancellata - - 
Fusttrtton oregonensis R c - - 
Cc 
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Amphineura - 
Arthropoda (Crustacea) 
Cumacea - = Cc - - - - - 
Amphipoda R R Cc - A ¢ - R 
Shrimps 
Pandalus borealts R 
P. hypstnotus - 
P. gonturus - 
Crangon dallt - 
Unidentified Crangonidae C 
Crabs 
Paguridae R 
Pagurus ochotensis - 
P. capillatus = 
P. aleuticus - 
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TABLE III 


SPECIES LIST FOR LOWER COOK INLET VAN VEEN GRAB SAMPLES 


Phylum Porifera 
Unidentified species 
Phylum Cnidaria 
Class Hydrozoa 
Unidentified species 
Class Anthozoa 
Family Nephtheidae 
Unidentified species 
Family Pennatulidae 
Pttlosareus gurneyt 
Phylum Rhynchocoela 
Unidentified species 
Phylum Nematoda 
Unidentified species 
Phylum Annelida 
Class Polychaeta 
Family Polynoidae 
Halosydna brevisetosa 
Harmothoe tmbrtcata 
Polynoe canadensts 
Phloe mtnuta 
Family Euphrosinidae 
Unidentified species 
Family Phyllodocidae 
Anatttdes sp. 
Anattides maculata 
Eteone sp. 
Eteone longa 
Family Syllidae 
Autolytus sp. 
Syllis sp. 
Typosyllts sp. 
Typosyllis alternata 
Langerhansta cornuta 
Family Nereidae 
Nerets pelagtca 
Nerets procera 
Nerets zonata 
Family Nephtyidae 
Nephtys sp. 
Nephtys assimilts 
Nephtys ciltata 
Nephtys caeca 
Nephtys cornuta 
Nephtys punetata 
Nephtys rickettst 
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TABLE III 


CONTINUED 


Family Sphaerodoridae 
Sphaerodoropsts minuta 
Sphaerodoropsis sphaerultfer 

Family Glyceridae 
Glycera capttata 

Family Goniadidae 
Glycinde picta 
Glyctnde armigera 
Gontada annulata 
Gontada maculata 

Family Onuphidae 
Onuphts sp. 

Onuphts conchylega 
Onuphts geophtltformts 
Onuphis trtdescens 

Family Lumbrineridae 
Lumbrinerts sp. 
Lumbrinerts simtlabrts 
Lumbrinerts zonata 
Lumbrtineris lutt 
Lumbrinerts minima 

Family Arabellidae 
Drilonerets falcata minor 

Family Orbiniidae 
Haploscoloplos elongatus 
Natneris sp. 

Natnerts dendrittca 

Family Paraonidae 
Arteidea. sp. 

Arictdea suectca 
Artdicea longteornuta 
Artdticea jeffreystt 
Paraonts gracilis 

Family Spionidae 
Polydora soctalts 
Prtonopsto sp. 
Prionopsto malmgrent 
Prtonopsto ctrrifera 
Spto ftltcornis 
Sptophanes sp. 
Sptophanes etrrata 

Family Magelonidae 
Magelona sp. 

Magelona sapontea 

Family Cirratulidae 
Tharyx sp. 

Chaetozone setosa 
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TABLE III 


CONTINUED 


Family Shpaerodoridae 
Sphaerodoropsts mtnuta 
Sphaerodoropsts sphaerultfer 

Family Glyceridae 
Glycera capttata 

Family Goniadidae 
Glyctnde picta 
Glyctnde armtgera 
Gontada annulata 
Gontada maculata 

Family Onuphidae 
Onuphts sp. 

Onuphts conchylega 
Onuphts geophtltformts 
Onuphts tridescens 

Family Lumbrineridae 
Lumbrineris sp. 
Lumbrinerts stmilabrts 
Lumbrinerts zonata 
Lumbrinerts lLutt 
Lumbrinerts minima 

Family Arabellidae 
Drtlonerets falcata mtnor 

Family Orbiniidae 
Haploscoloplos elongatus 
Natnerts sp. 

Natnerts dendrttica 

Family Paraonidae 
Artetdea sp. 

Artetdea suectca 
Artdicea longtcornuta 
Artdteea jeffreystt 
Paraonts gractlts 

Family Spionidae 
Polydora soctalts 
Prtonopsto sp. 
Prtonopsto malmgrent 
Prtonopsto etrrifera 
Spto filticornis 
Sptophanes sp. 
Sptophanes ctrrata 

Family Magelonidae 
Magelona sp. 

Magelona sapontea 

Family Cirratulidae 
Tharyx sp. 

Chaetozone setosa 
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TABLE IIT 


CONTINUED 


Family Scalibregmidae 
Sealtbregma tnflatum 
Family Opheliidae 
Ophelta limacina 
Travista sp. 
Travtsta brevis 
Family Sternaspidae 
Sternaspts scutata 
Family Capitellidae 
Capttella capttata 
Notomastus sp. 
Family Maldanidae 
Asychts stmilts 
Maldane glebifex 
Notoproctus sp. 
Axtothella rubroctneta 
Praxtllella gracilts 
Praxtllella praetermissa 
Praxtlletla affinis 
Rhodine btrorquata 
Family Oweniidae 
Qwenta fustformis 
Myrtochele heert 
Family Pectinariidae 
Cistentdes hyperborea 
Family Ampharetidae 
Ampharete arctica 
Ampharete acuttfrons 
Lystppe labtata 
Meltnna ertstata 
Family Terrebellidae 
Pista ertstata 
Polyctrrus sp. 
Artacama contfert 
Family Trichobranchidae 
Terebellides stroemtt 
Family Sabellidae 
Chone sp. 
Chone gractlts 
Chone tnfundtbultformts 
Laonome kroyert 
Family Serpulidae 
Chitinopoma groenlandica 
Serpula vermicularts 
Class Oligochaeta 
Unidentified species 
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TABLE III 


CONTINUED 


Phylum Mollusca 
Class Aplacophora 
Family Chaetodermatidae 
Chaetoderma robusta 
Class Polyplacophora 
Family Ischnochitonidae 
Ischnoehtton albus 
Class Pelecypoda 
Family Nuculidae 
Nucula tenuts 
Family Nuculanidae 
Nuculana sp. 
Nuculana fossa 
Yoldta sp. 
Yoldia hyperborea 
Yoldta sctissurata 
Yoldia secunda 
Family Glycymerididae 
Glyeymeris subobsoleta 
Family Mytilidae 
Crenella dessucata 
Musculus corrugatus 
Daerydium pact ficum 
Family Astartidae 
Astarte sp. 
Astarte borealts 
Astarte alaskensts 
Astarte montagut 
Astarte polaris 
Astarte rollandt 
Astarte esqutmaltt 
Family Carditidae 
Cyeloeardia ventrtcosa 
Cyclocardia cerebricostata 
Cyclocardia incisa 
Cyclocardia crasstdens 
Family Thyasiridae 
Axtnopstda serricata 
Thyastra flexuosa 
Family Montacutidae 
Mysella sp. 
Mysella tumida 
Odontogena borealts 
Family Cardiidae 
Clitnocardiun etltatum 
Serripes groenlandicus 
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TABLE IIL 


CONTINUED 


Family Veneridae 
Ltoeyma fluetuosa 
Psephtdia lordt 
Protothaeca stamtnea 
Family Mactridae 
Sptsula polynyma 
Family Tellinidae 
Macoma sp. 
Macoma calearea 
Macoma moesta alaskana 
Tellina nucleotdes 
Family Solenidae 
Stltqua alta 
Family Myidae 
Mya elegans 
Family Cuspidariidae 
Cardtomya sp. 
Cardtomya beringensis 
Class Gastropoda 
Family Trochidae 
Margarites sp. 
Solartella obscura 
Solartella varicosa 
Family Naticidae 
Polyntices sp. 
Polynices nanus 
Polyntces palltda 
Family Olividae 
Oltvella baetica 
Family Turridae 
Oenopota sp. 
Oenopota turricula 
Lora sp. 
Lora quadra 
Lora rettculata 
Lora solida 
Family Pyramidellidae 
Odostomta.sp. 
Turbontlla sp. 
Family Retusidae 
Retusa. obtusa 
Family Scaphandridae 
Cyltehna alba 
Family Dentaliidae 
Dentalium dallt 
Family Siphonodentaliidae 
Cadulus sp. 
Cadulus tolmet 
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TABLE IIT 


CONTINUED 


Phylum Arthropoda 
Class Crustacea 

Family Balanidae 
Balanus crenatus 

Family Nebaliidae 
Nebalta sp. 

Family Leuconidae 
Eudorella emargtnata 
Eudorella pactftca 
Eudorellopsts integra 

Family Diastylidae 
Dtastylts sp. 

Family Campylaspidae 
Campylaspts rubtcunda 

Family Arcturidae 
Arcturus bertnganus 

Family Gnathiidae 
Gnathta sp. 

Family Anthuridae 
Unidentified species 

Family Ampeliscidae 
Ampeltsca macrocephala 
Byblis eamandt 

Family Gammaridae 
Melita sp. 

Meltta dentata 

Family Haustoriidae 
Unidentified species 

Family Isaeidae 
Photis sp. 

Photts brevipes 
Protomedeta sp. 
Protomedeta eptmerata 

Family Lysianassidae 

Anonyx sp. 
Anonyx nugax 
Anonyx ktlljeborgt 
Archomene sp. 
Archomene pact fica 

Family Oedicerotidae 
Pontocrates arenartus 

Family Phoxocephalidae 
Heterophoxus oculatus 
Paraphoxus sp. 

Family Synopiidae 
Unidentified species 
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TABLE III 


CONTINUED 


Family Caprellidae 
Unidentified species 
Family Crangonidae 
Crangon sp. 
Family Paguridae 
Pagurus sp. 
Family Majidae 
Chtonoecetes batrdi 
Family Pinnotheridae 
Pinntxa sp. 
Phylum Sipunculida 
Phaseolton strombt 
Phylum Ectoprocta 
Unidentified species 
Phylum Brachiopoda 
Class Articulata 
Family Cancellothyridae 
Terebratulina ungutcula 
Terebratulina erosset 
Family Dallinidae 
Terebratalta sp. 
Terebratalta transversa 
Laqueus caltforntcus 
Phylum Echinodermata 
Class Echinoidea 
Family Echinarachniidae 
Echtnarachntus parma 
Family Strongylocentrotidae 
Allocentrotus fragilis 
Strongylocentrotus sp. 
Class Ophiuroidea 
Family Amphiuridae 
Diamphtodia eraterodmeta 
Untoplus macraspts 
Family Ophiuridae 
Ophtura sp. 
Ophtura sarst 
Class Holothuroidea 
Family Cucumariidae 
Cucumarta caleigera 
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TABLE IV 


NUMBER AND PERCENT OF SPECIES IN EACH PHYLUM AND CLASS, COOK 


Phylum 


Cnidaria 


Rhynchocoela 
Nematoda 


Annelida 


Mollusca 


Arthropoda 
Sipunculida 
Ectoprocta 
Brachiopoda 


Echinodermata 


INLET GRAB SAMPLES, 13 STATIONS 


Class 


Hydrozoa 
Anthozoa 
Anopla 
Polychaeta 
Oligochaeta 
Aplacophora 
Polyplacophora 
Pelecypoda 
Gastropoda 


Crustacea 


Articulata 
Echinoidea 
Ophiuroidea 
Holothuroidea 


TOTAL 


507 


Number of 
Species 


Percent of 


Total Species 


0.47 
0.94 
0.47 
0.47 
44,08 
0.47 
0.47 
0.47 
197.90 
9.48 
15.64 
0.47 
0.47 
Zio) 
1.42 
1.90 
0.47 


Station 


54 


69 


TABLE V 


TOTAL COUNT, WEIGHT, AND BIOMASS OF INVERTEBRATE TAXA 
FROM 13 LOWER COOK INLET VAN VEEN GRAB STATIONS 


Total 
count 


1282 


667 


1120 


203 


1230 


1195 


266 


APRIL 1976 


Total wet 
weight (¢) 


98 


24 


1L5) 


120 


77 


27 


279 


365 


508 


Counties 


213i 


1334 


1600 


406 


2050 


2988 


452 


532 


300 


630 


1014 


alssiy/a 


15 


Forty stations were occupied in April and 58 in October (Tables I and VI; 

Fig. 1). Thirty-seven stations were occupied once (April or October) and 

32 were occupied twice (April and October). The most frequently occurring 
taxa were hydroids, polychaetous annelids, ten species of clams (Glycymeris 
subobsoleta, Nuculana fossa, Nucula tenuis, Cyelocardia ventricosa, Astarte 
esquimaltt, A. alaskensts, Psephidia tordt, Macoma calearea, Sptsula poly- 
nyma, Telltna nuculotdes) (Appendix I, Tables I and II). A list of species 


is presented in Table VII. 


Clam Dredge 

The clam dredge was used at only six stations to sample for large clam 
specimens. In April, 3.63 kg of the cockle, Clinocardtum caltforntense, 
were obtained at Station 40A (Fig. 1). Also in April, nine large pink neck 
clams, Sptsula polynyma, were collected at Station 41. In October, Station 
41 yielded 19 blue mussels, Myttlus edults. Sixty-two species, inclusive 


of clams, were identified from clam dredges (Table VIII). 


Bivalve Studtes 

A total of 76 bivalve species were collected by grab and pipe dredge 
(see Tables III and VII; Appendix I, Tables I and II). 

Deposit-feeding species dominated the fine sediments of the western 
side of Cook Inlet. Suspension-feeding species increased in importance 
in the sandier areas examined in outer Kachemak Bay: deposit feeders once 
again assumed importance in inner Kachemak Bay. The suspension feeder, 
Modiolus modtolus, was important in areas subject to increased water 
movement (currents), (e.g. Stations 3, 58-60). 

Six species of common clams (Wucula tenuts, MNuculana fossa, Tellina 
nuculoides, Macoma calearea, Glyecymeris subobsoleta, Spisula polynyma) were 
selected for analysis of age and growth patterns, and this analysis is 


appended to this report (Appendix II, Tables I-XXXVI). 


Epifaunal Program 
Bottom Skimmer! 


Although the bottom skimmer did not provide quantitative data, it did 


IMaterial made available by Coastal Habitat Protection, ADF&G, Homer, AK. 


Text continued on page 96 
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TABLE VI 


LOWER COOK INLET BENTHIC STATIONS OCCUPIED BY R/V MOANA WAVE 
APRIL 1976, AND NOAA SHIP MILLER FREEMAN OCTOBER 1976 


Station 
Name 


> 


eee ho ae a aioe 


Latitude 


59°00. 3' 
59700.3' 
59°00. 3" 
5970053" 
59°00. 3' 
D9 00. oe 
59°00. 3" 
59°0053" 
29>01,.0" 
59°08.4' 
59°06.0" 
59°08.9' 
59°10.3' 
59°10..0" 
59°09.8' 
59°10. 0° 
59°09. 3' 
D9 LaDy 
59°1553" 
BOF 152.3" 
EW aire 
5915.8" 
59° 15..6. 
59 L asa 
5927226" 
S9r21. 5" 
59-2965" 
59°2253" 
59°24.9* 
59°30.0' 
59°41,'3" 
59°34.9" 
59°33." 
D9 3067 
59°32..7" 
59232 5" 
59 sa 5500 
59° 35.4" 
2 igs ie on 
59° 3267" 
5933/05), 
59° 33.9" 
59°34..0' 
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Longitude 


15221056: 
P5252 116: 
15253020! 
152°6205" 
P5204 725 
52 S69 
W583 <O3e1! 
153510 26," 
15351320) 
15270422" 
15292050" 
1522263 14 
S27 47. eth 
15 2554..0. 
153'706;.9" 
595 1355" 
15352453) 
TS2 10s 7 
w52°262:0" 
1522493" 
155° 08.5" 
15352050" 
153,733.05) 
153°40;0' 
152°09. 4° 
152-240" 
io VAres kaya 
153°05%.0" 
mLis 7s ag Sy 
glo Wale ew i 
flo bee ta es 
151 °30.4¢ 
151 546.8' 
g Loy Lido LA oe 
LOT esa o yy 
St 20455" 
15 2°12).5° 
152 13.7 
152°13.6" 
t5Z 52555" 
15253535" 
15274367! 
152°54.0' 


Depth (m)_ 


117 
123 
152 
166 


TABLE VI 


CONTINUED 
Station 
Name Latitude Longitude 
49 59°33 1" 153°04.0' 37 
51 59°35.0' 153°05.0' 36 
52 59°34.0' 153°10.0' 35 
53 59°31.8' 5321 SOL Sif 
54 59°33.4' isis yaPyne Sy 24 
55 59°40.0' 151°59.5' 29 
56 59°37210" 153°02..0" 35 
57 59°45.1' 152403)3% 35 
58 59°46.1" 152-1340! 58 
59 59°46. 2' 15222342 82 
60 59°46. 8' U52234 soln 38 
61 59°47.0' 152743. 7" 34 
62 59°46. 2' 15225520), 26 
62A 59°49.8' 15225253 24 
63 59555 7 151°58.6' 31 
64 59°54.9' 152°08.9' 60 
66 60°03. 3" 151 °4853" 44 
67 60°01.5" 152°01..10! Syl 
68 60°02.8' P52e13e 30 60 
69 60°03. 3" 152°20.5" 5S 
70 60°10. 3" 151°39.8' 41 
74 60°10. 0" 1152°23).3% 35) 
75 60°20. 3' 151°340 5" 27 
76 60°20.0' 151°46.0' 2a 
76A 60°18.3' 151°45 52" 47 
C 59°07.5' 152 4620" 147 
M 59°32.9' #52°08 5.2" 48 
UWL 58753. 152° 50540 72 
Uw2 522. 152742), 6% ? 
UOF 592i 04 153520 44 
UOG 59°20.8' 152°43.8!! 68 
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_Depth (m)_ 


TABLE VII 


INVERTEBRATE TAXA OBTAINED BY PIPE DREDGE IN 
LOWER COOK INLET 


Aaxomge |) 2s! 
Phylum Porifera 
Unidentified species 


Phylum Cnidaria 
Class Hydrozoa 

Unidentified species 

Family Lafoeidae 
Unidentified species 

Family Sertulariidae 
Unidentified species 
Sertularella sp. 
Sertularta sp. 
Abtetinaria sp. 

Family Plumulariidae 
Unidentified species 

Family Stylasteridae 
Allopora sp. 


Class Anthozoa 

Family Nephtheidae 
Eunephthya rubtformts 

Family Primnoidae 
Stylatula gracile 

Family Pennatulidae 
Pttlosarcus gurneyt 

Family Actiniidae 
Unidentified species 


Phylum Rhynchocoela 
Unidentified species 


Phylum Annelida 
Class Polychaeta 

Unidentified species 

Family Polynoidae 
Unidentified species 

Family Sigalionidae 
Unidentified species 

Family Nereidae 
Unidentified species 
Nerets sp. 

Family Nephtyidae 
Nephtys sp. 


April 


312 


October 


* 


x mM MM 


TABLE VII 


CONTINUED 


Taxon April October _ 


Phylum Annelida (cont'd) 

Family Glyceridae 

Glycera sp. = x 
Family Goniadidae 

Glyeinde sp. - x 
Family Onuphidae 

Unidentified species = x 
Family Lumbrineridae 

Lumbrinerts sp. x - 
Family Arabellidae 

Unidentified species = x 
Family Flabelligeridae 

Unidentified species = x 
Family Opheliidae 

Unidentified species - x 

Ophelia limactina - x 
Family Sternaspidae 

Sternaspts scutata x x 
Family Maldanidae 

Unidentified species = x 
Family Pectinariidae 

Cistenides hyperborea = bd 
Family Sabellidae 

Unidentified species x x 
Family Serpulidae 

Unidentified species = x 


Class Hirudinea 
Unidentified species = x 


Phylum Mollusca 
Unidentified species x = 


Class Polyplacophora 
Family Ischnochitonidae 
Isehnochiton sp. x - 
Isehnochiton trtfidus x = 
Family Mopaliidae 
Mopalta sp. 
Mopalta etltata 
Mopalta etrrata 
Mopalta muscosa 


! 
* 


i ed 
! 


Class Pelecypoda 
Family Nuculidae 
Nueula tenuts x x 
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TABLE VII 


CONT INUED 


Taxon April October 


Phylum Mollusca (cont'd) 

Family Nuculanidae 
Unidentified species 
Nuculana mtnuta 
Nuculana fossa 
Portlandia sp. 
Tindarta kennerlyt 
Yoldta amygdalea 
Yoldta hyperborea 
Yoldia myalis 
Yoldta setssurata 
Yoldia thractaeformis 
Yoldia secunda - 

Family Glycymerididae 
Glycymerits subobsoleta x 

Family Mytilidae 
Mytilts edulis = 
Crenella decussata - 
Musculus dtscors x 
Musculus ntger x 
Musculus corrugatus = 
Musculus marmoratus - 
Modtolus modtolus x 

Family Pectinidae 
Chlamys sp. x 
Chlamys rubida x 

x 


tw wt 


1mm mM OI 
™ MMM OM OL OO OOM OM OM 


mM 


aM Mm mM OT 


~*~ 


Chlamys bertngtana 
Cyclopecten sp. 
Propeamusstun alaskense = 
Family Limidae 
Lima sabauriculata - 
Family Anomiidae 
Pododesmus macrochisma - 
Family Astartidae 
Astarte sp. 
Astarte borealis - 
Astarte alaskensis x 
Astarte montagut x 
Astarte rollandi x 
x 
x 


tal ™” ~ mM it 


* 
! 


Astarte bennetttt 
Astarte esquimaltt 

Family Carditidae 
Cyclocardta sp. 
Cyelocardta ventrtcosa 
Cyelocardia crebricostata 
Cyelocardia crasstdens 


mM mM OM OM 


mM OM 
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TABLE VII 


CONTINUED 


Taxon April October 


Phylum Mollusca (cont'd) 

Family Lucinidae 

Parvtlucina tenutsculpta - x 
Family Thyasiridae 

Axtnopstda serricata - x 

Thyastra flexuosa x x 
Family Kelliidae 

Kellia laperoust x = 
Family Montacutidae 

Mysella sp. = x 

Odontogena borealis - 
Family Cardiidae 

Clinocardium sp. x 

Clinoecardtum ciltatum x 

Cltnocardtum nuttallit - 

Clinocardium californtense x 

Serrtpes groenlandtcus x 
Family Veneridae 

Saxtdomus gigantea = 

Ltoeyma fluctuosa 

Psephidta lordi - 

Humilarta kennerlyt x 

Protothaca staminea x 
Family Mactridae 

Sptsula polynyma x 
Family Tellinidae 

Macoma sp. x 

Macoma calearea x 

Macoma eltmata - 

Macoma brota 

Macoma obliqua x 

Macoma moesta alaskana 

Macoma balthtica 

Tellina nuculotdes 
Family Solenidae 

Stl¢tqua alta 

Stltqua sloatt - x 
Family Myidae 

Mya truncata x = 

Mya priapus x x 
Family Hiatellidae 

Hiatella arettca x x 
Family Pandoridae 

Pandora btltirata - x 
Family Lyonsiidae 

Lyonsta sp. x > 


bal 


xm OM OM 


™” 
xm MM OM 


ba 


x 
~ | MMMM OM OM 


ba 
! 
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TABLE VII 


CONTINUED 
axons = April October 
Phylum Mollusea (cont'd) 
Class Gastropoda 
Unidentified species x - 
Family Fissurellidae 
Puncturella galeata x x 


Family Lepetidae 
Cryptobranchta concentrtica - 
Cryptobranchta alba x = 
Family Trochidae 
Margarites oltvaceus = x 
Margarites puptllus x 
Margarites costalis x 
Solartella obscura x x 
Solartella varicosa x 
Family Cocculinidae 


Coecultna casantea - z 
Family Eulimidae 

Balets sp. - x 
Family Calyptraeidae 

Creptdula nummaria = x 
Family Trichotropididae 

Unidentified species = x 

Trichotropts cancellata x = 
Family Naticidae 

Amauropsts purpurea - x 

Nattea clausa x x 

Polintees pallida x x 
Family Velutinidae 

Velutina sp. - x 

Velutina lantgera x = 
Family Cymatiidae 

Fusttrtton oregonensis x x 
Family Muricidae 

Boreotrophon clathratus x = 

Boreotrophon stuartt x = 

Boreotrophon smtthtt x = 

Boreotrophon multicostalts x = 

Boreotrophon pact ftcus x x 

Boreotrophon lastus x x 
Family Thaididae 

Nucella lamellosa x x 
Family Buccinidae 

Bucectnum pleetrum Bc x 
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TABLE VII 


CONTINUFD 


Taxon ; April October 


Phylum Mollusca (cont'd) 

Family Neptuneidae 

Beringtus sp. 

Bertngtus kenntcottt 

Neptunea sp. x 

Neptunea lyrata x 

Neptunea ventrtcosa x 

Pltetfusus sp. x 
Family Columbellidae 

Amphissa columbiana x x 

Mttrella gouldt x x 
Family Volutomitridae 

Volutomtitra alaskana x x 
Family Olividae 

Oltvella baetica x x 
Family Cancellariidae 

Admete sp. - x 

Admete couthouyt x 
Family Turridae 

Suavodrtllta kennteottit x = 

Oenopota sp. x 

Oenopota decussata 

Oenopota turrtecula 

Propebela sp. 
Family Pyramidellidae 

Turbontlla torquata 
Family Retusidae 

Retusa sp. = x 
Family Diaphanidae 

Dtaphana sp. = x 
Family Scaphandridae 

Cyltehna alba = x 

Cyltehna attonsa = x 
Family Dorididae 

Unidentified species - x 


1x 
~~ ot 


1 


!m~ it 
1* & 


! 
* 


Class Scaphopoda 
Family Dentaliidae 
Dentaltum sp. - x 


Phylum Arthropoda 
Class Pycnogonida 
Family Pycnogonidae 
Unidentified species = x 
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TABLE VII 


CONTINUED 


Taxon April October 


Phylum Arthropoda (cont'd) 
Class Crustacea 
Order Thoracica 
Unidentified species = x 
Family Balanidae 
Balanus sp. 
Balanus crenatus 
Balanus evermant 
Balanus hespertus 
Balanus rostratus x x 
Order Cumacea 
Unidentified species = x 
Order Isopoda 
Family Aegidae 
Roetnela augustata - x 
Order Amphipoda 
Unidentified species x x 
Family Ampeliscidae 
Ampeltsea btrulat x - 
Byblis gatmandt x - 
Family Corophiidae 
Ertethontus sp. - x 
Family Gammaridae 
Antsogammarus sp. - x 
Melita sp. - x 
Melita dentata x = 
Family Lysianassidae 
Anonyx sp. = x 
Family Ischyroceridae 
Ischyrocerus sp. x = 
Family Talitridae 
Unidentified species = x 
Family Caprellidae 
Unidentified species = x 
Order Decapoda 
Unidentified species - x 
Family Pandalidae 
Pandalus sp. = 
Pandalus borealis - 
Pandalus gonturus = 
Pandalus hypsinotus = 
Pandalopsts dtspar - 


1% 
! 


MOM 


TABLE VII 


CONTINUED 


Memoria see seth oo April ___ October 


Phylum Arthropoda (cont'd) 
Family Hippolytidae 
Sptrontocaris lamelltcornis = 
Lebbeus groenlandtcus 
Eualus sp. a 
Eualus herdmant = 
Eualus stoneyt = 
Heptacarpus tridens = 
Family Crangonidae 
Crangon dallt x x 
Selerocrangon boreas 
Family Calianassidae 
Unidentified species = x 
Family Paguridae 
Unidentified species 
Pagurus sp. 
Pagurus ochotensts 
Pagurus aleuticus 
Pagurus captllatus 
Pagurus kennerlyt 
Pagurus beringanus 
Pagurus tritgonochetrus 
Elassochtrus tenutmanus 
Family Lithodidae 
Paraltthodes cantschatica 
Rhinoltthodes wosnessenskit x - 
Family Majidae 
Oregonta gractlts x x 
Hyas lyratus x x 
Chtonoecetes batrdi x x 
Family Cancridae 
Cancer sp. ai x 
Cancer magtster - x 
Caneer oregonensis x x 
Family Pinnotheridae 
Pinnixa sp. x - 
Pinntxa ocetdentalts - x 


aM MM OM OM 


* 
ba 


a 
i a 


* 
! 


Phylum Sipunculida 
Unidentified species x = 
Golfingta sp. = 
Golfingta margaritacea - 
Phaseolion strombt - 


x MOM 
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TABLE VII 


CONTINUED 


Taxon April October 
Phylum Echiuroidea 
Family Echiuridae 
Echturus echturus alaskensts - x 


Phylum Ectoprocta ; 
Unidentified species x x 


Class Cheilostomata 
Family Flustridae 
Unidentified species = x 
Family Microporidae 
Microportna sp. = x 


Class Cyclostomata 
Family Diastoporidae 
Unidentified species = x 
Family Heteroporidae 
Heteropora sp. = x 


Class Ctenostoma 
Family Alcyonidiidae 
Aleyontdtum sp. x x 
Family Flustrellidae 
Flustrella sp. x = 
Flustrella gtgantea - x 


Phylum Brachiopoda 
Unidentified species = XK 


Class Articulata 
Family Cancellothyrididae 


Terebratulina unguteula x x 
Family Dallinidae 

Laqueus caltforntanus x x 

Terebratalta transversa x x 


Phylum Echinodermata 
Unidentified species = x 


Class Asteroidea 
Family Porcellanasteridae 


Ctenodiscus crispatus x K 
Family Echinasteridae 

Henricia sp. - x 

Henrtcta levtuscula x x 
Family Solasteridae 

Crossaster papposus x x 
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TABLE VII 


CONTINUED 
Taxon April weOctobern im 
Phylum Echinodermata (cont'd) 
Family Asteridae 
Leptastertas sp. x = 
Leptastertas polaris x K 


Class Echinoidea 
Family Echinarachniidae 
Eehtnarachntus parma x x 
Family Strongylocentrotidae 
Strongylocentrotus droebachtensts x x 
Strongylocentrotus franciscanus - x 


Class Ophiuroidea 
Unidentified species - as 
Family Amphiuridae 
Amphtopholts sp. x = 
Amphtpholts pugetana - 
Dtamphtodia eraterodmeta = 
Diamphtodia pertercta - 
Family Gorgonocephalidae 
Gorgonocephalus caryt - x 
Family Ophiactidae 
Ophtopholts sp. x - 
Ophtopholts aculeata x x 
Family Ophiuridae 
Unidentified species x = 
Ophtopenta dtsacantha = 
Ophtura sp. x 
Ophtura sarst x 


aM OM 


aM MM 


Class Holothuroidea 
Family Synaptidae 
Unidentified species = x 
Family Cucumariidae 
Unidentified species De - 
Cucumarta sp. 
Cucumarta caletgera - x 


ba 
bad 


Phylum Chordata 
Class Ascidiacea 

Unidentified species x x 
Family Rhodosomatidae 

Chelyosoma sp. x = 
Family Styelidae 

Unidentified species = > 
Family Pyuridae 

Haloeynthta tgaboja = z 


Total 145 212 
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TABLE VIII 


INVERTEBRATE TAXA OBTAINED BY AGASSIZ TRAWL, TRY-NET TRAWL, 
EASTERN OTTER TRAWL AND CLAM DREDGE IN LOWER COOK INLET 


Eastern 
Try- Otter 


Agassiz Trawl Net Trawl Clam Dredge 
Taxon Apr Oct Apr Oct Apr Oct 


Phylum Porifera 
Unidentified species x = x x = x 


Phylum Cnidaria 
Class Hydrozoa 
Unidentified species x = x x = = 
Family Campanulariidae 
Campanularta sp. - - - - - 
Family Sertulariidae 
Unidentified species = - - - - 
Sertularia sp. - - - - - 
Sertularella sp. - - - - - 
Abietinarta sp. - - - - - 
Family Plumulariidae 
Unidentified species = = — = = x 
Family Stylasteridae 
Allopora sp. = = - = = x 


* 


x mM OM 


Class Anthozoa 
Family Nephtheidae 
Eunephthya rubtformts x - = = = = 
Family Primnoidae 
Stylatula gracile x - - - - = 
Family Pennatulidae 
Pttilosareus gurneyt x - - x - - 
Family Actiniidae 
Unidentified species a re = x = x 
Tealta cerasstcornis x - - x - - 


Phylum Platyhelmintes 
Class Turbellaria 
Order Polycladia 
Unidentified species = - = = = x 


Phylum Annelida 
Class Polychaeta 
Unidentified species xe x - x = x 
Family Aphroditidae 
Aphrodita japontca = x - = = = 
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TABLE VIII 


CONTINUED 


Taxon 


Phylum Annelida (cont'd) 
Family Polynoidae 
Unidentified species 
Family Nereidae 
Nerets sp. 


Class Hirudinea 
Family Piscicolidae 
Notostomobdella sp. 
Phylum Mollusca 
Class Polyplacophora 
Family Ischnochitonidae 
Isehnochtton tritfidus 


Class Pelecypoda 
Unidentified species 
Family Nuculidae 
Nueula tenuts 
Family Nuculanidae 
Nuculana fossa 
Yoldia thractaeformis 
Family Glycymerididae 
Glyeymerts subobsoleta 
Family Mytilidae 
Myttlts edulis 
Modtolus modtolus 
Family Pectinidae 
Chlamys rubtda 
Pecten caurtnus 


Propeamusstum davidsont 


Family Astartidae 
Astarte alaskensis 
Astarte rollandt 

Family Carditidae 
Cyclocardia sp. 
Cyelocardta ventricosa 
Cyelocardia crassidens 

Family Cardiidae 
Clinocardium sp. 
Clinocardiun etltatum 
Cltnocardium nuttallit 
Clinocardtum 

ealtforntense 
Serrtpes groenlandtcus 


Agassiz Trawl 


Apr 


523 


Oct 


Eastern 

Try- Otter 

Nets Trawl Clam Dredge 

Apr Oct Apr Oct 
x x - x 
as K = = 
- ~ - x 
x _ = A 
x - x x 
xe = = = 
me x me 

x = a & 
* Ss e. Es 
- - - x 
sR 4 ie i 
- - x x 
- - - x 
- - - x 
x x - - 


TABLE VIII 
CONTINUED 


Eastern 
Try- Otter 
Agassiz Trawl Netw Trawl Clam Dredge 


Taxon Apr Oct Apr Oct Apr) Oca 


Phylum Mollusca (cont'd) 
Family Veneridae 
Humilaria kennerlyt - - - - = Xs 
Protothaca stamtnea = - - - - x 
Family Mactridae 
Sptsula polynyma 2 = = - x = 
Family Tellinidae 
Macoma sp. = = me = = = 
Macoma calearea 3 - x - = = 
Tellina nuculotdes - - x - - - 
Family Hiatellidae ° 
Hiatella aretica x - - x - x 


Class Gastropoda 
Family Trochidae 
Bathybembtx sp. x = = = 7 = 
Margarites olivaceus - = = = zi x 
Margarites costalts - 
Solariella vartcosa - 
Ltschketa etdarts - 
Family Epitoniidae 
Epttontum groenlandtceum x = a = a = 
Family Eulimidae 
Balets sp. x = = = = = 
Family Calyptraeidae 
Crepidula nummaria x = = = a 
Family Naticidae 
Nattea clausa = = = = ra x 
Polintces pallida x - x os = x 
Family Cymatiidae 
Fusttrtton oregonensts x = K 3K = x 
Family Muricidae 
Boreotrophon clathratus x 
Boreotrophon stuartt x - = = a = 
x 
x 


mM OM 
| 
! 
| 
! 


Boreotrophon pact ficus 

Boreotrophon lastus 

Boreotrophon 

multtecostalis x - = = = = 

Family Thaididae 

Nucella lamellosa x - x x - x 
Family Buccinidae 

Bucetnum enismatum - x = = = = 

Bucetnum glactale x = = = = e 

Bueetnum plectrum x = x = - x 
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TABLE VIII 


CONTINUED 
Eastern 
Try- Otter 
Agassiz Trawl Net | Trawl Clam Dredge 
Taxon Apr Oct Apr Oct Apr Oct __ 


Phylum Mollusca (cont'd) 

Family Neptuneidae 
Beringtus kenntcottt 
Colus sp. 

Colus hallt 

Colus herendeentt 
Neptunea lyrata 
Neptunea ventricosa 
Plictfusus kroyert 
Pyrulofusus harpa 
Volutopstus middendorfit 

Family Volutomitridae 
Volutomttra alaskana x = = = = = 

Family Cancellariidae 
Admete couthouyt x = = = = = 

Family Turridae 
Suavodrtllta kennteottit - x = = = = 
Oenopota decussata - x - = = = 
Propebela sp. - x = = = = 

Family Dorididae 
Unidentified species - x = x = = 

Family Dendronotidae 
Unidentified species S x = = - x 

Family Tritoniidae 
Trttonta exsulans x = = = = - 


1% 
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Phylum Arthropoda 
Class Pycnogonida 
Unidentified species - x = as = wa 


Class Crustacea 
Order Thoracica 
Family Balanidae 
Balanus sp. He x - x - - 
Balanus balanus - - - 
Balanus evermant 
Balanus hespertus 
Balanus hoektanus 
Balanus rostratus - - x 
Order Mysidacea 
Unidentified species = x = = = = 
Family Mysidae 
Acanthomysts dybowskit = - x = = - - 


x 
! 
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TABLE VIII 
CONTINUED 


Eastern 
Try- Otter 
Agassiz Trawl Net_ Trawl § Clam Dredge 


Taxon oe Apr Oct Apr Oct Apr Oct 


Phylum Arthropoda (cont'd) 
Order Cumacea 
Family Diastylidae 
Diastylts btdentata - x = = = = 
Order Isopoda 
Family Aegidae 
Roctnela augustata = x = = = = 
Order Amphipoda 
Unidentified species x x = = = x 
Family Ampeliscidae 
Ampeltsea macrocephatla 
Ampeltsetda btrulat 
Byblts gatmandt x = = = = = 
Family Corophiidae 
Eriethontus sp. x - - = = = 
Ertethontus follt - x - = = = 
Family Lysianassidae 
Anonyx sp. = x = ir = a 
Anonyx nugax = x = = ms = 
Leptdepecrewun comatum - a = = = = 
Family Oedicerotidae 
Monoculodes zernovt - x = = = = 
Family Phoxocephalidae 
Heterophoxus oculatus x = = = zi e 
Family Caprellidae 
Unidentified species x x = = zs ce 
Order Decapoda 
Family Pandalidae 
Pandalus sp. - - 
Pandalus borealis Es 
Pandalus gonturus x 
x 
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Pandalus hypstnotus 

Pandalopsts dtspar 
Family Hippolytidae 

Sptrontocarts 

lamelltcornts 

Lebbeus groenlandica 

Eualus sp. 

Eualus suckleyt 

Eualus townsendt 
Family Crangonidae 

Crangon sp. 

Crangon communis 


mM MOM 
1K MM OM 
1x Kx 

! 

I 


1M MM 
' 
* 
! 
| 


* 
' 
ta 
! 
! 
' 


* 
' 
' 
! 
' 
I 


ba 
* 
™ 
! 
! 
' 


526 


TABLE VIII 
CONTINUED 


Eastern 
pry Otter 
Agassiz Trawl Net Trawl Clam Dredge 
Taxon Sees Ga ae Ape Oct Apr Oct Apr Octs 


Phylum Arthropoda 
Family Crangonidae (cont'd) 
Crangon restna 
Crangon dallt 
Selerocrangon boreas 
Argis dentata 
Argis crassa 
Family Paguridae 
Pagurus sp. 
Pagurus ochotensts 
Pagurus aleuttcus 
Pagurus captllatus 
Pagurus kennerlyt 
Pagurus bertnganus 
Pagurus confragosus 
Pagurus trtgonochétrus 
Elassochirus tenutmanus 
Elassoehtrus cavimanus 
Elassochirus gtllt 
Labidochtrus splendescensx - x = = = 
Family Lithodidae 
Paralithodes camtschattcax og x x x - 
Rhinoltthodes 
wosnessenskit x - - = = = 
Family Majidae 
Oregonia gracilts Pe x 
Hyas lyratus x 54 
x x 


x 
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I 
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a mM dt 
I~ ol 
x Mm mM OM 
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Chtonoecetes batrdi 

Chorilta longtpes 
Family Cancridae 

Cancer oregonensts vd - x x = oe 

Cancer magtster x = - x x = 
Family Pinnotheridae 

Pinntxa oectdentalts x - - - - - 


am mM OM 
1K MM 
| 
™* 


Phyium Ectoprocta 
Unidentified species x = x x = x 


Class Cheilostomata 
Family Membraniporidae 
Membrantpora sp. x - - = = = 
Family Flustridae 
Unidentified species = - = = = x 
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TABLE VIII 
CONTINUED 


Eastern 
Dcy= Otter 
Agassiz Trawl Net Trawl Clam Dredge 


Taxon OwApT Oct Apr Oct Apr Ocky 


Phylum Ectoprocta (cont'd) 
Family Microporidae 
Miecroportina sp. = - = - - os 


Class Cyclostomata 
Family Heteroporidae 
Heteropora sp. x = = = = = 


Class Ctenostomata 
Family Alcyonidiidae 
Aleyontdium sp. - - - x = - 
Family Flustrellidae 
Flustrella sp. x - - x - - 
Flustrella gtgantea = - - = = x 


Phylum Brachiopoda 
Family Dallinidae 
Laqueus caltforntanus Be = = = = om 
Terebratalia transversa x = - x = = 


Phylum Echinodermata 
Class Asteroidea 
Family Goniasteridae 
Ceramaster patagontcus x - - x = = 
Ceramaster stellatus - x - = = = 
Family Porcellanasteridae 
Ctenodtscus ertspatus x x = = = 7 
Family Echinasteridae 
Henricta sp. x x x = = = 
Henrteta levtuscula - - = = i. x 
Family Pterasteridae 
Pteraster tesselatus x - - bs = = 
Family Asteridae 
Evastertas troscheltt x 
Leptastertas sp. x = = = = = 
Leptastertas polaris x 
Lethastertas sp. - 
Lethastertas nanimensis x - = 
Family Solasteridae 
Crossaster papposus x = = x x x 
Crossaster borealis x = = = = == 
Solaster dawsont x - = = = 7 
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TABLE VIII 


CONTINUED 


Mba 
Agassiz Trawl Net _ 


Taxon 


Phylum Echinodermata (cont'd) 
Class Echinoidea 
Family Echinarachniidae 
Echtnarachnius parma x = = 
Family Strongylocentrotidae 
Strongy locentrotus 
droebachtensts x 
Strongy locentrotus 
franciscanus - = = 


Class Ophiuroidea 
Family Gorgonocephalidae 
Gorgonocephalus caryt x - - 
Family Amphiuridae 
Amphtpholts pugetana - x = 
Family Ophiactidae 
Ophtopholts aculeata x = = 
Family Ophiuridae 
Ophtopenta dtsacantha - x a 
Ophtopenta tetracantha  - x = 
Ophtura sarst x 


Class Holothuroidea 
Family Synaptidae 
Unidentified species = x = 
Family Cucumariidae 
Cucumarta sp. x 
Cueumarta caletgera - - - 


Phylum Chordata 
Subphylum Urochordata 
Unidentified species 
Family Styelidae 
Unidentified species = Xe 5 = 


NUMBER OF SPECIES 149 45 
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as sit aie ac 2 9D Sing O12 Oba. 2-2 OG se pa 


Eastern 
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Oct Apr Ocke 
= x x 
bie = x 
x as = 
- - x 
- - x 
- - x 
- - a 
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show the distribution of selected invertebrate infauna and epifauna in a 
nearshore region adjacent to OCSEAP deep-water benthic stations in lower 
Cook Inlet. The stations were relatively diverse with arthropod crusta- 
ceans and molluscs leading in species representation. Appendix I, Tables 
III-XXVIII list the relative abundance of the invertebrate taxa from the 26 


stations sampled. 


Trawls 
The preliminary lower Cook Inlet benthic study, resulted in the suc- 
cessful occupation of 25 different stations by Agassiz trawl and/or try-net, 


and/or Eastern otter trawl (Tables I and VI; Fig. 1). 


Agassiz Trawl - Sampling via Agassiz trawl yielded representatives of 
nine invertebrate phyla (Table VIII). Ten stations were occupied in April, 
and seven stations were occupied in October. Arthropod crustaceans were 
dominant in number, weight, and biomass (Tables IX and X). The major 
arthropod families were Lithodidae and Majidae (Tables XI and XII) and the 
dominant species within each family was the king crab, Paraltthodes camt- 
schattca, and the snow crab, Chtonoecetes batrdi, respectively. The per- 
cent composition of all phyla by family and species is presented in 


Appendix I, Tables XXIX-XXXII. 


Try-Net - Only six stations were sampled with the try-net (Tables I and 
VI; Fig. 1). The taxonomic list and the occurrence of taxa from these stations 
appears in Table VIII and Appendix 1, Table XXXIII, respectively. Chtono- 


ecetes bairdt and the gray shrimp, Crangon dallt, were present in all trawls. 


Eastern Otter Trawl - Sampling via Eastern otter trawl was only con- 
ducted in October 1976 (see Table VIII for species list). The occurrence 
of taxa in the 16 stations sampled is listed in Appendix Table XXXIV. 
Arthropoda (Crustacea) once again dominated the number, weight, and biomass 
of the invertebrate phyla (Table XIII). Mollusca and Echinodermata also 
contributed significantly. The majid crabs, Chtonoecetes batrdi and 
Hyas lyratus, made up the bulk of the crustaceans (Appendix 1, Tables 


XXXV and XXXVI). The gastropod family Neptuneidae, specifically 
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TABLE IX 


NUMBER, WEIGHT, AND BIOMASS (elma) OF EPIFAUNAL INVERTEBRATE PHYLA 
OF LOWER COOK INLET AS OBTAINED BY AGASSIZ TRAWL, APRIL 1976 


Number of 2 
Phylum Organisms Weight (kg) % Total Wt. g/m 
Porifera 2 0.107 0.094 0.003 
Cnidaria 23 0.619 0.542 0.018 
Annelida 25 0.031 0.027 0.001 
Mollusca 700 17.812 15.588 0.507 
Arthropoda: 

Crustacea 4061 82.414 72.123 2.342 
Ectoprocta 5 0.188 0.165 0.005 
Brachiopoda 20 0.135 0.118 0.004 
Echinodermata 290 12.718 11.130 0.362 
Chordata: 

Urochordata 5 0.245 0.214 0.007 
TOTAL 5131 114.269 100 3.249 


TABLE X 


NUMBER, WEIGHT, AND BIOMASS (enn) OF EPIFAUNAL INVERTEBRATE PHYLA OF 
LOWER COOK INLET AS OBTAINED BY AGASSIZ TRAWL, OCTOBER 1976 


Number of 9 


Phylum Organisms Weight (kg) % Total Wt. g/m 
Cnidaria 1 0.002 0.003 0.0001 
Annelida 17 0.017 0.024 0.0008 
Mollusca 60 1.049 1529 0.0514 
Arthropoda: 

Pycnogonida 8 0.003 0.004 0.0002 
Arthropoda: 

Crustacea 2981 67.354 98.195 3.3049 
Echinodermata 78 0.166 0.242 0.0081 
Chordata: 

Urochordata 1 0.001 0.002 0.0001 
TOTAL 3146 68.592 100 3.3656 
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TABLE XI 


NUMBER, WEIGHT, AND BIOMASS (ine) OF MAJOR EPIFAUNAL INVERTEBRATE 
FAMILIES OF LOWER COOK INLET AS OBTAINED BY AGASSIZ TRAWL, APRIL 1976 


Number of 


Family _ Organisms Weight (kg) z Total Wee 40) p/m 
Pectinidae 62 0.857 One 0.024 
Cardiidae 49 On/73 0.68 0.022 
Cymatiidae 197 4.602 4.04 O.alsi 
Neptuneidae 278 9.745 8.56 0.277 
Pandalidae 720 6.561 Die / 6 0.186 
Crangonidae 216 4.291 S74 OM 
Paguridae Slal 5.091 4.47 0.144 
Lithodidae iia 3.013 26.49 0.857 
Majidae 275i 3621055 SES69 1.026 
Solasteridae 8 0. 640 0.56 0.018 
Asteridae 39 3.623 Shoals) 0.103 
Echinarachniidae 92 4,080 3.58 0.116 
Strongylocentrotidae 34 1998 Hip 0.056 
Cucumariidae WA 1.344 1.18 0.038 
TOTAL 4787 82.673 96.46 320 
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TABLE XII 


NUMBER, WEIGHT, AND BIOMASS Gre: OF MAJOR EPIFAUNAL INVERTEBRATE FAMILIES 
OF LOWER COOK INLET AS OBTAINED BY AGASSIZ TRAWL, OCTOBER 1976 


Number of 


Family Organisms Weight (kg) % Total Wt. at 
Pectinidae 11 0.044 0.06 0.002 
Cardiidae il 0.015 0.02 0.001 
Neptuneidae 6 0.935 1.36 0.045 
Pandalidae 1588 36257 4.75 0.159 
Crangonidae 1221 1.027 1.49 0.050 
Paguridae 23 0.239 0.34 OFOLL 
Lithodidae 16 51.070 74.49 2.505 
Majidae 45 11.682 17.03 0.973. 
Strongylocentrotidae i 0.001 <0.01 <0.001 
Cucumariidae 21 0.018 0.02 <0.001 
TOTAL 29353 68,288 99.65 3.356 
TABLE XIII 


NUMBER, WEIGHT, AND BIOMASS (e/m=) OF EPIFAUNAL INVERTEBRATE PHYLA 
OF LOWER COOK INLET AS OBTAINED BY EASTERN OTTER TRAWL, OCTOBER 1976 


Number of 2 
Phylum Organisms Weight (kg) % Total Wt. g/m 
Porifera 245 20.046 2.2230 0.06795 
Cnidaria 48 14,289 1.5846 0.04844 
Annelida 55 0.128 0.0142 0.00043 
Mollusca 1623 151.570 16.8082 0.51381 
Arthropoda:Crustacea 4902 571.151 63.3374 1.93613 
Ectoprocta 14 Aes 92 OPL322 0.00403 
Brachiopoda 1 0.001 0.0001 0.00000 
Echinodermata 362 143.383 15.9004 0.48605 
TOTAL 7250 901.760 100 3.0569 
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Neptunea lyrata, dominated the molluscs, and the sea cucumber, Cucuwn- 


arta sp., dominated the echinoderms. 


Distrtbutton, Relative Abundance, and Btomass of Invertebrate Fpifauna 

In general, stations with high relative epifaunal abundance and biomass 
in lower Cook Inlet were located south of Anchor Point, specifically at 
western and southwestern stations (Fig. 1). Six species of crabs (Chtono- 
ecetes bairdt, Paralithodes cantschattca, Hyas lyratus, Oregonia gractlts, 
Pagurus ochotensts, Elassoehtrus tenutmanus), two species of gastropods 
(Weptunea lyrata, Fusttriton oregonensts), one species of shrimp (Crangon 
dalit), and one species of sand dollar (Eehtnarachnius parma) were the 
dominant invertebrate organisms. 

The major invertebrate was the snow crab, Chtonoecetes bairdi, which 
was mainly obtained by trawling (Figs. 3 and 4). Stations 5 through 8B 
yielded mainly juvenile crabs ranging from 2 to 26 mm carapace width. 

Large specimens were obtained at most other western and southwestern sta- 
tions. Eastern otter trawl Station 25 yielded the highest biomass of snow 
crabs, 6.5 re Other crabs in the same family as C. batrdt (Majidae) were 
Hyas ltyratus and Oregonita gracilis. The highest catch of H. lyratus was 
made in October at Station 40A by Eastern otter trawl (Figs. 5 and 6). 

At this station 1032 crabs were caught, of which 75% were females with 

early eggs. Oregonia gractlts and H. Lyratus occurred at many of the 

same stations (Figs. 7 and 8). The most abundant catch of 0. gracilis, 

29 crabs, came in April at Agassiz trawl Station 8 (Fig. 7). 

Catches of king crabs, Paralithodes camtschatica, were relatively small 
during both sampling months. In April, king crabs were found north of Augus- 
tine Island and off Anchor Point (Fig. 9). King crabs were more widely 
distributed in October (Fig. 10). Agassiz trawl Station 6 had the highest 
biomass with 18.1 ones however, this comprised only 12 organisms. 

Two common hermit crabs in lower Cook Inlet were Pagurus ochotensts and 
Elassochtrus tenutmanus. Large catches of P. ochotensts in April were taken 
north of Augustine Island, specifically at Agassiz trawl Stations 53 and 54 
(Fig. 11). The largest catch in October came from Eastern otter trawl 
Station 40A, where the biomass and abundance was 0.08 ie and 54, respec- 
tively (Fig. 12). The largest catch of £. tenutmanus was in April at 


Station 44A by Agassiz trawl (Fig. 13). At this station 26 individuals 
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batrdi, from lower Cook Inlet, April 1976. 
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Figure 5. Distribution, relative abundance, and biomass of Hyas lyratus 
from lower Cook Inlet, April 1976. 


537 


59° 


152° Isic 


Kalgin Island 


Hyas lyratus 


OCTOBER 1976 


BIOMASS g/m? ee 
51 2.00 AGASSIZ TRAWL 
3 1.50 
see cl 
+ -051- 1.00 
+= — <0.50 sl 
oe 
Forte es al COMMERCIAL OTTER TRAWL 
11-20 —+- 7 
sree 


RELATIVE ABUNDANCE N PIPE DREDGE 


60° 


LOWER 
COOK {NEE 7 


KENAI 
Augustine PENINSULA 
Island 


KAM/SHAK 
BAY 


KENNEDY 
ENTRANCE 


59% 
Barren Islands 


“a8 Cape Douglas 


Figure 6. Distribution, relative abundance, and biomass of Hyas lyratus 


from lower Cook Inlet, October 1976. 
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Figure 7. Distribution, relative abundance, and biomass of Oregonia gracilis 
from lower Cook Inlet, April 1976. 
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Figure 8. Distribution, relative abundance, and biomass of Oregonia gracilts 
from lower Cook Inlet, October 1976. 
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Figure 9. Distribution, relative abundance, and biomass of Paralithodes 
camtschattea from lower Cook Inlet, April 1976. 
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Figure 10. Distribution, relative abundance, and biomass of Paralithodes 
camtschatica from lower Cook Inlet, October 1976. 
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Distribution, relative abundance, and biomass of Pagurus ochotensts 


Figure 11. 
from lower Cook Inlet, April 1976. 
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Figure 12. Distribution, relative abundance, and biomass of Pagurus ochotenstis 
from lower Cook Inlet, October 1976. 
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Figure 13. Distribution, relative abundance, and biomass of Elassochirus 
tenutmanus from lower Cook Inlet, April 1976. 
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were found, and the biomass was 0.09 mae Catches of this species were 
small during October (Fig. 14). 

Crangon dallt was the dominant shrimp. Although the biomass was never 
greater than 0.01 ime at any station in either sampling month, the abun- 
dance was often more than 200 individuals (Figs. 15 and 16). 

Neptunea lyrata and Fusttriton oregonensts were the two most common 
gastropod molluscs. In April, the biomass of WV. lyrata was never more 
than 1 aie at any station; however, the abundance was high at Agassiz 
trawl Stations 5, 53 and 54 (Fig. 17). Sampling by Eastern otter trawl 
in October provided larger catches of W. lyrata. Station 53 had the high- 
est biomass with 3.4 eine (78 individuals). Station 40A had a biomass of 
only 1.6 Sige but 443 individuals were collected (Fig. 18). In contrast, 
although the distribution of F. oregonensts was similar to N. lyrata, the 
biomass of the former snail was never more than 0.04 ene at any station 
(Figs. 19 and 20). 

The average invertebrate biomass from the ten Agassiz trawl stations 
in April and the seven Agassiz trawl stations in October was 3.2 and 3.3 ye 
respectively. The average invertebrate biomass from the 16 Eastern otter 
trawl stations was 3.0 ane The 13 grab stations had an average biomass 
of- 205.4 ermine The lowest and highest infaunal biomasses were 6.2 eye 
at Stations 69 and 731.9 me at Station 45. 

The sand dollar, Eehtnarachntus parma, was only taken by grab and pipe 
dredge. In April, the highest biomass stations were grab Stations 30, 42, 
45 and 46 (Fig. 21). In grab Station 45 the abundance and biomass were 26 
and 585.5 Sines respectively. Grabs were not used in October; sand dollars 
were only taken by pipe dredge during this period (Fig. 22). 

Eastern otter trawl Station 27 was of special interest. FEighty-eight 
Pacific halibut, of which more than 80 were less than 30 cm (total length), 
were obtained in a 30 minute tow in October. This abundance of juveniles 
may indicate a halibut nursery ground. 

Distribution, relative abundance, and biomass data on all other benthic 
invertebrates taken in lower Cook Inlet during April and October are avail- 


able at NODC. 
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Figure 14. Distribution, relative abundance, and biomass of Elassochtrus 
tenuimanus from lower Cook Inlet, October 1976. 
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Figure 15. Distribution, relative abundance, and biomass of Crangon dallt 
from lower Cook Inlet, April 1976. 
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Figure 16. Distribution, relative abundance, and biomass of Crangon dallt 
from lower Cook Inlet, October 1976. 
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Figure 17. Distribution, relative abundance, 


and biomass of Neptunea lyrata 
from lower Cook Inlet, April 1976, 
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Figure 18. Distribution, relative abundance, and biomass of Neptunea lyrata 
from lower Cook Inlet, October 1976. 
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Figure 19. Distribution, relative abundance, and biomass of Fusttriton 
oregonensits from lower Cook Inlet, April 1976. 
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Figure 20. Distribution, relative abundance, and biomass of Fusttrtton 
oregonensis from lower Cook Inlet, October 1976. 
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Figure 22. Distribution, relative abundance, and biomass of Fehinarachntus 
parma from lower Cook Inlet, October 1976. 
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Food Studtes 

Stomach contents were determined for snow crabs (Chitonoecetes bairdt) 
(Table XIV), king crabs (Paraltthodes camtschatica) (Table XV), and selected 
fishes (Table XV). 


Snow Crabs — Food occurred in 428 (60%) of 715 Chtonoecetes batrdi ex- 
amined (Table XIV), and included representatives of four phyla and 17 
genera (Paul et al., in press). Clams, hermit crabs and barnacles were 
the dominant food organisms. The most frequently occurring items were 
small clams, especially Macoma spp., with remains of this clam found in 
149 stomachs from six of the eleven stations. Hermit crabs (family 
Paguridae), particularly Pagurus ochotensis, were next in importance, and 
occurred in 147 stomachs from nine of the eleven stations. Shrimps 
(family Crangonidae) and barnacles (Balanus spp.) were found in 37 
and 76 stomachs from seven and eight stations respectively. Chtonoecetes 
bairdi was found in five stomachs. Polychaetes, amphipods and ophiuroids 
occurred occasionally. Fifty-one stomachs contained only sediment. 

Stomachs with food commonly contained the remains of several barnacles 
or clams. In one stomach sixteen recently settled Macoma spp. were found. 
Few stomachs contained more than one crab or shrimp. The total number of 
each prey species found in C. batrdt stomachs examined is presented in 
Table XVI. 

No difference was detected in the frequency of occurrence of prey in 


C. batrdi of different size or sex (Table XVII). 


Other Species - Other species examined for food contents were king 
crabs, Paralithodes camtschatitca, (15 crabs examined) and 19 species of 
fishes (324 fishes examined) (Table XV). 

King crabs were feeding primarily on the clams Wuculana fossa and 
Macoma sp. 

Seven species of flatfishes were examined. The most frequently occur- 
ring food within each of these species was as follows: Lepitdopsetta 
bilineata (rock sole) fed on unidentified amphipods; Hippoglossus stenolepts 
(Pacific halibut) fed on unidentified fish and Chtonoecetes batrdt; Platti- 
chthys stellatus (starry flounder) fed on the clam Spisula polynyma; Htppo- 


glossotdes elassodon (flathead sole) fed on unidentified ophiuroids, 
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TABLE XV 


PERCENT FREQUENCY OF OCCURRENCE OF STOMACH CONTENTS OF SELECTED 
PREDATOR SPECIES FROM LOWER COOK INLET, OCTOBER 1976 


Numbers in Parenthesis Indicate the Number of a 
Specific Predator Containing that Prey 


Predators ae % Frequency of Occurrence 


Paraltthodes camtschattca (king crab) 
Stomachs examined: 15 


Stomachs with food: 12 80.0 
Stomach contents: Nuculana fossa (10) 66.7 
Macoma sp. (4) Zone 
Unidentified Crustacea (1) Grail 


Leptdopsetta btltneata (rock sole) 
Stomachs examined: 53 


Stomachs with food: 18 34.0 

Stomach contents: Unidentified Amphipoda (12) 22.6 
Unidentified Crustacea (2) Sigte 
Unidentified Nudibranch (1) 19 
Sptsula polynyma (1) 139 
Crangon dallt (1) 159 
Unidentified Pelecypoda (1) 1eS9 
Unidentified remains (1) ibgy, 

Hippoglossus stenolepts (Pacific halibut) 

Stomachs examined: 52 

Stomachs with food: 48 92.3 

Stomach contents: Unidentified fish (17) 32207; 
Chtonoecetes batrdt (17) B27 
Lumpenus sagttta (7) 13.5 
Trichodon trtchodon (7) nse 5) 
Crangon dallt (7) 135 


Unidentified Crangonidae (5) 
Pandalus gonturus (4) 

Caneer magister (4) 

Pagurus ochotensts (3) 
Pandalus hypsinotus (2) 
Unidentified Cottidae (2) 
Serrtpes groenlandicus (1) 
Unidentified Octopus (1) 
Anonyx sp. (1) 

Unidentified Amphipoda (1) 
Pinnitxa sp. (1) 

Pandalopsts dispar (1) 
Unidentified Stichaeidae (1) 
Unidentified Zoarcidae (1) 
Microgadus proxtmus 


PRP RPP HEP RHE DOwWUNN©o 
Sate ae May oeueges 
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TABLE XV 


CONTINUED 


Predators 


Plattehthys stellatus (starry flounder) 
Stomachs examined: 55 


che Xd % Frequency of Occurrence 


Stomachs with food: 31 56.4 
Stomach contents: <Sptsula polynyma (22) 40.0 
Crangon dalli (7) 127 
Chtonoecetes batrdt (4) Whos) 
Crangon sp. (2) 3216 
Pandalus borealts (1) 158 
Unidentified Pelecypoda (1) 1.8 
Htppoglossotdes elassodon (flathead sole) 
Stomachs examined: 6 
Stomachs with food: 6 100.0 
Stomach contents: Unidentified Ophiuroidea (3) 50.0 
Unidentified Crangonidae (3) 50.0 
Nueculana fossa (2) 3354 
Unidentified Polynoidae (1) 16.7 
Macoma sp. (1) LO 
Atheresthes stomias (turbot) 
Stomachs examined: 10 
Stomachs with food: 0 0 
Glyptocephalus zachtrus (rex sole) 
Stomachs examined: 6 
Stomachs with food: 0 0 
Limanda aspera (yellowfin sole) 
Stomachs examined: ik 
Stomachs with food: 1 100.0 
Stomach contents: Unidentified Pelecypoda 100.0 
Gadus macrocephalus (Pacific cod) 
Stomachs examined: 43 
Stomachs with food: 41 95.3 
Stomach contents: Chtonoecetes bairdti (27) 62.8 
Unidentified Crangonidae (22) Sahat 
Unidentified fishes (10) 23552 
Unidentified Polychaeta (5) 17/56 


Pandalus borealts (4) 
Crangon sp. (4) 

Crangon dallt (2) 
Unidentified Isopoda (2) 
Unidentified Amphipoda (2) 
Pandalus sp. (1) 

Hyas lyratus (1) 
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TABLE XV 


CONTINUED 


Predators % Frequency of Occurrence 


Gadus macrocephalus (cont'd) 


Pinntxa sp. (1) 23 
Unidentified Paguridae (1) Jes) 
Anonyx sp. (1) 23 
Unidentified Crustacea (1) 2ra3 
Unidentified Pelecypoda (1) P2438) 
Nuculana fossa (1) 23 
Unidentified Pectinidae (1) 23 
Unidentified Naticidae egg collar (1) 233 
Echturus echturus alaskensts (1) 23 
Trtchodon trichodon (1) 2a 
Htppoglossotdes elassodon (1) 2:23 
Atheresthes stomtas (1) 23 
Theragra chaleogramma (walleye pollock) 
Stomachs examined: 17 
Stomachs with food: 8 APiieele 
Stomach contents: Unidentified Crustacea (4) 23.5 
Pandalus borealis (4) DENS) 
Unidentified Crangonidae (1) Died). 
Microgadus proximus (Pacific tomcod) 
Stomachs examined: 12 
Stomachs with food: 11 O17. 
Stomach contents: Pandaltus borealts (9) 750 
Crangon dallt (2) TOR 
Pagurus ochotensts (1) 83 
Bathymaster stgnatus (searcher) 
Stomachs examined: 21 
Stomachs with food: 4 Ove 
Stomach contents: Unidentified Anthozoa (1) 4.8 
Chtonoecetes batrdt (1) 4.8 
Unidentified Crangonidae (1) 4.8 
Unidentified Crustacea (1) 4.8 
Trtchodon trichodon (Pacific sandfish) 
Stomachs examined: i) 
Stomachs with food: 2 40.0 
Stomach contents: Matllotus villosus (2) 40.0 
Agonus actpenserinus (sturgeon poacher) 
Stomachs examined: 6 
Stomachs with food: 0 0 
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TABLE XV 


CONT INUED 


Predators __ 


ee “4 Frequency of Occurrence 


Lycodes palearis (wattled eelpout) 


Stomachs examined: 2 
Stomachs with food: 2 100.0 
Stomach contents: Crangon dallt (2) 100.0 


Lycodes sp. (eelpout) 
Stomachs examined: il 


Stomachs with food: 1 100.0 
Stomach contents: Macoma sp. 100.0 
Unidentified Crangonidae LOO. 


Myoxocephalus polyacanthocephalus (great sculpin) 
Stomachs examined: 26 


Stomachs with food: 22 84.6 
Stomach contents: Chionoecetes bairdt (8) 30.8 
Crangon dallt (6) 23 eal 
Hyas lyratus (4) 1554 
Unidentified fish (2) 1.6 
Unidentified Cyclopteridae (2) USS 
Unidentified Cottidae (1) 3.8 
Lumpenus sagttta (1) 3.8 
Unidentified shrimp (1) 38 
Cancer oregonensts (1) 3.8 
Cancer magtster (1) 3.8 
Pagurus ochotensts (1) 3418 
Oregonia gracilts (1) 338 
Cottidae (sculpin) 
Stomachs examined: 3 
Stomachs with food: 3 100.0 
Stomach contents: Chitonoecetes batrdt (3) 100.0 
Cyclopteridae (snailfish) 
Stomachs examined: 4 
Stomachs with food: 4 100.0 
Stomach contents: Crangon dalli (4) 100.0 
Squalus sp. (dogfish shark) 
Stomachs examined: it 
Stomachs with food: 1 100.0 
Stomach contents: Unidentified fish 100.0 
Unidentified leech 100.0 


TABLE XVI 
THE NUMBER (N) OF PREY FOUND IN THE STOMACHS OF 715 CHIONOECETES BAIRDI 
FROM COOK INLET, ALASKA 


Bf X715=Average Number of Prey per Stomach for all 715 Stomachs. 
X428=Average Number of Prey for the 428 Stomachs Containing Food. 


Stomach Content N X715 X428 


Polychaeta 10 0.013 0.023 
Nuculana fossa 14 0.019 0.032 
Yoldia hyperborea il 0.001 0.002 
Macoma spp. 298 0.416 0.696 
Sptsula polynyma 9 0.012 0.021 
Telltna nuculotdes 1 0.001 0.002 
Serrtpes groenlandtcus 10 0.013 0.023 
Astarte spp. 5 0.006 0.011 
Unidentified bivalves 7 0.009 0.016 
Unidentified gastropods il 0.001 0.002 
Nucella lamellosa 3 0.004 0.007 
Unidentified crustacean 6 0.008 0.014 
Pandalus spp. 2 0.002 0.004 
Amphipoda 7 0.009 0.016 
Balanus spp. 64 0.089 0.149 
Crangonidae 23 0.032 0.053 
Paguridae 50 0.069 0.116 
Pagurus ochotensts 82 0.114 0.191 
Chtonoecetes batrdt 5 0.006 0.011 
Ophiuridae i 0.001 0.002 
Plant material 1 0.001 0.002 
Sediment 65 0.090 Oo150 
Empty stomachs 287 = = 
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TABLE XVII 


PREY OF COOK INLET CHIONOECETES BAIRDI OF DIFFERENT SIZES AND SEXES. 
DATA IS PRESENTED AS FREQUENCY OF OCCURRENCE. DASH (-) MEANS NO 
SPECIMENS IN STOMACHS. 


sd Sot ew MALOS: 4 cries pene m 2 Henales Ses 
Immature Mature Immature Mature 
GOA, RAP ANGE. OW. a Dees — Meo 

Stomach Contents 5-50 51-109 110-135 136-170 5-50 51-100 51-100 
Polychaeta 2 5 ak = 1 ab = 
Nuculana fossa - 2 3 - - 1 1 
Yoldta hyperborea - il - - - - - 
Macoma spp. 2 63 15 - 3 37 29 
Sptsula polynyma 5 2 2 3 - = = 
Tellina nuculotdes - 1 - - - - - 
Serripes groenlandicus - 6 = a = = = 
Astarte spp. = aE 1 - 1 1 2 
Unidentified bivalves = iL 1 = = 1 2 
Gastropoda - = 1 - - - 1 
Nucella lamellosa = 1 - - 2 - - 
Amphipoda 3 = i - 1 - - 
Balanus spp. 6 46 6 - 4 10 4 
Crangonidae 1 7 5 1 - 4 9 
Paguridae (except 

Pagurus ochotensts) 2. 36 7 - 3 7 6 
Pagurus ochotensis 9 47 8 = 7 7 8 
Chionoecetes batrdt - 3 it - - - 1 
Ophiuridae - 1B - a = = = 
Sediment 6 32 11 Z 5 5 4 
Empty stomachs 20 103 49 18 32 34 31 
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unidentified crangonid shrimps, and the clam Nuculana fossa; and Ltmanda 
aspera (yellowfin sole) fed on unidentified clams. The turbot, Atheres- 
thes stomtas, and the rex sole, Glyptocephalus zachtrus, were empty. 

The Pacific cod, Gadus macrocephalus, was mainly feeding on Chtonoecetes 
batrdt, while the Pacific tomcod, Mterogadus proximus, and walleye pollock, 
Theragra chaleogramma were mainly feeding on the pink shrimp, Pandalus bor- 
ealtis. 

The great sculpin, Myoxocephalus polyacanthocephalus was primarily 
feeding on Chtonoecetes batrdi and Crangon dallt. 

Food of other species are listed in Table XV. A Cook Inlet food web 
was constructed (Fig. 23) from data contained in Tables XIV and XV. 

Carbon flow through the web is generally from bottom to top or in the 
direction of the arrows. Heavy lines indicate major food sources based 

on frequency of occurrence. The major invertebrates in the food web are 
Nuculana fossa, Spisula polynyma, Amphipoda, Balanus spp., pandalid and 
crangonid shrimps, Chtonoecetes batrdi, Paguridae, and Ophiuroidea. The 
feeding biology between fishes in Cook Inlet are not well known. The feeding 
methods used by the invertebrates and fishes included in the Cook Inlet food 
web are tabulated in Table XVIII. 

The portions of the web dealing with snow crab (Fig. 24), king crab 
(Fig. 25), Pacific cod (Fig. 26), Pacific halibut (Fig. 27), and great 
sculpin (Fig. 28) have been separated from the overall web to show greater 


detail. 


VII. DISCUSSION 


Performance of the van Veen Grab 

The van Veen grab typically functioned less effectively in Cook Inlet 
than it did in the northeast Gulf of Alaska (NEGOA) and Bering Sea stations 
(Feder, 1977a). A high proportion of sand in the sediments in Cook Inlet 
generally impeded grab penetration. Lie (1968) indicates that 1 cm 
penetration of the 0.1 ae van Veen grab will collect 1 2 of sediment, 
and he states that a digging depth of at least 4 cm should be attained 
to assure adequate representation of the fauna. Volumes of 8 to 9 & were 
collected at some of our stations, and most of the thirteen stations chosen 


for laboratory analysis were ones with these volumes. 
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TABLE XVIII 


FEEDING METHODS OF INVERTEBRATES AND FISHES INCLUDED IN THE 
PHYLUM ABBREVIATIONS: C=CNIDARIA; 
A=ANNELIDA; M=MOLLUSCA; ART=ARTHROPODA; CHO=CHORDATA; 


COOK INLET FOOD WEB!. 


X=DOMINANT FEEDING METHOD; O=OTHER FEEDING METHOD. 
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Deposit Suspension 
Phylum Feeder Feeder Scavenger Predator Unknown 
Anthozoa Cc = - - xX - 
Polychaeta A Xx xX xX xX = 
Gastropoda M X - x x - 
' Pelecypoda M X xX - - - 
Nueulana fossa M X - - - - 
Serrtpes groenlandicus M x x - - - 
_Tellina sp. M X x. - - - 
Macoma sp. M xX ) - - - 
Oetopus sp. M = - X X = 
Crustacea Art xX xX xX xX = 
Balanus sp. Art - x - - - 
Isopoda Art xX = xX xX - 
Amphipoda Art xX - X xX - 
Anonyx sp. Art = = = = x 
Paguridae Art = = Xx xX = 
Pagurus ochotensts Art - - x x - 
Paraltthodes camtschatteca Art - - x x - 
Caneer oregonensts Art = - x x - 
Caneer magtster Art = - X X - 
Pinnixa sp. Art - - - - x 
Hyas lyratus Art - > = = x 
Oregonia gracilis Art - = = = x 
Chtonoecetes bairdt Art = - X x - 
Caridea Art = = x x = 
Crangonidae Art = = = = Xx 
Crangon sp. Art = = i = Xx 
Crangon dalli Art = = = = X 
Pandalidae Art - - xX - - 


TABLE XVIII 


CONTINUED 


Deposit Suspension 


Phylum Feeder Feeder Scavenger Predator Unknown 
Pandalus sp. Art - - mE - - 
Pandalus borealts Art - - x - - 
Pandalus hypstnotus Art - - X - - 
Pandalus goniurus Art - - x - - 
Pandalopsts dispar Art - - x - - 
Teleostei Cho - - x = 
Theragra chalcogramna (pollock) Cho - - - xX - 
Microgadus proxtmus (tomcod) Cho - - - x - 
Gadus macrocephalus (Pacific cod) Cho ~ - - xX - 
Mallotus vtllosus (capelin) Cho - ~ - x - 
Zoarcidae (eelpouts) Cho - - - Xx - 
Trichodon trtchodon (sand fish) Cho - - - x - 
Bathymaster sp. (searcher) Cho - - - Ye - 
Stichaeidae (pricklebacks) Cho - - = x = 
Lumpenus sagttta (snake prickle- Cho - - - X = 
back) 
Cottidae (sculpins) Cho - - - x€ - 
Myoxocephalus sp. (great sculpin) Cho - - - x - 
Liparidae (snail fish) Cho - - - xX = 
Atheresthes stomias (arrowtooth Cho - - ~ X - 
flounder) 
Hippoglossotdes elassodon (flat- Cho - - - X - 
head sole) 
Leptdopsetta bilineata (rock sole) Cho - - - x - 
Hippoglossus stenolepts (halibut) Cho - - - x = 
Plattchthys stellatus (starry Cho - - - x - 
flounder) 


lBased on Newell, 1970; Barnes, 1968; Pearce and Thorson, 1967; Rasmussen, 1973; Hart, 1973; 
Skalkin, 1963; and Feder, unpublished data. 
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Number of Grab Samples per Station 

Three to five replicates are generally adequate to sample the most 
abundant species in soft sediments (Feder et al., 1973; Feder, 1977a). 
However, five replicate samples per station are generally recommended 
(Longhurst, 1964; Lie, 1968), and this number of replicates has been cor- 
roborated in our investigations on a variety of bottom types in NEGOA, Port 
Valdez, and the Bering Sea (Feder et al., 1973; Feder, 1977a). Thus, 
five replicate samples were taken routinely at the Cook Inlet stations 
sampled by grab. However, analysis of the grab samples qualitatively 
(Special Data Submission to NOAA; Shaw et al., 1976) and quantitatively 
(Feder, 1977a) soon demonstrated that five replicates were probably 
insufficient for Cook Inlet. The fauna was obviously very patchy and 
at some stations replicates were often very dissimilar. However, the 
thirteen stations chosen for laboratory analysis were ones that had 
reasonably good replicability from one grab to the next (see data on 


file at NODC). 


Station Coverage 

The 100 stations sampled in lower Cook Inlet provided the first inten- 
sive coverage for invertebrate infauna and epifauna here. The grab-sampling 
program initiated in Cook Inlet on board the R/V Moana Wave and the NOAA 
Ship Miller Freeman resulted in a wide coverage of the station grid in 
lower Cook Inlet. However, insufficient funding resulted in analysis of 
material from only 13 (April cruise) of the stations. The latter stations 
were selected as ones most likely to be of value to the Bureau of Land 
Management (BLM) for management decisions. Furthermore, some of the 13 
grab stations are likely candidates for continued monitoring after industrial 
activities are initiated in Cook Inlet. The balance of the grab stations are 
described qualitatively in the Special Data Submission forwarded to NOAA 
(Shaw et al., 1976). 

Activities utilizing the pipe dredge resulted in a broad coverage of 
the sampling grid. This type of gear required a minimal effort for deploy- 
ment, and was usable at most stations. It was especially useful at 


stations that could not be sampled by any other piece of gear. 
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Of the 15 Agassiz trawl stations, 16 Eastern otter trawl stations, and 
six try-net stations, only three stations were trawled north of Anchor Point 


because of the unsuitability of the substrate there. 


Species Composition 

The general distribution of infaunal and epifaunal invertebrate species 
in lower Cook Inlet is now well documented (Figs. 3 through 22; NODC sub- 
mitted data; Appendices I and IIL) as a result of sampling accomplished with 
various types of gear. 

In general, species diversity decreased with larger sampling gear. 
Although only 13 stations were occupied with the van Veen grab, they yielded 
211 species. The pipe dredge collections also resulted in a large number 
of species, i.e. 145 species from 40 stations in April and 212 species from 
58 stations in October. The number of species taken by the small Agassiz 
trawl (149) exceeded the number taken by the try-net (45) and large Eastern 
otter trawl (53). 

The majority of species taken by van Veen grab and pipe dredge were 
infaunal species, although many small epifaunal organisms were also collected 
with this gear. Seventy-four percent of the grab species were polychaetous 
annelids (93 species) and molluscs (64 species); 56% of the pipe dredge 
species were polychaetes (19 species) and molluscs (129 species). 

Snow crabs, Chionoecetes baitrdi, dominated the catches at most trawl 
stations,, and the abundance of this species in catches emphasizes the 
commercial importance of this crustacean in lower Cook Inlet. Based on the 
large numbers of juvenile snow crabs in Stations 5 through 8B and on the 
large numbers of these tiny crabs fed upon by fishes from this area, the 
deep water region immediately east of Cape Douglas appears to be a major 


snow crab nursery area. 


Biomass 

The average invertebrate epifaunal biomass values reported (3.0-3.3 aay) 
in the present study are similar to other biomass estimations made for 
north Pacific waters. The estimated biomass of epifaunal invertebrates from 
the northeast Gulf of Alaska was 2.6 ea (Jewett and Feder, 1976). 
Similar estimates came from the outer continental shelf of the Bering Sea 


in 1975 and 1976 with 353 ene and 5.0 ene reported, respectively (Feder, 197/7a). 
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Russian benthic investigations (Neyman, 1963) provide biomass estimates 
based on grab samples for infauna and small epifauna from the Bering Sea 
with values of 55 to 905 ane reported. The grab biomass from the 13 
Cook Inlet stations varied from 6.2 to 731.9 elma 

Biomass from the grabs and trawls are strikingly different. Use of 
trawls results in the loss of infaunal and small epifaunal organisms which 
are an important part of the benthic biomass. Therefore, the total benthic 


biomass value is best expressed by combining both grab and trawl values. 


Food Studies 

Snow Crabs - Barnacles, hermit crabs, crangonid shrimps, and clams 
(Macoma spp.) are widely distributed throughout lower Cook Inlet 
(Table I; NODC data), and are fed upon by Chtonoecetes batrdt in pro- 
portion to their abundance. Other species used for food are discon- 
tinuous in their distribution in lower Cook Inlet (Table II; NODC data). 
This discontinuous distribution, probably more than their acceptability 
as food, explains the infrequent occurrence of these species in snow 
crab stomachs. 

In the Kodiak area the most commonly encountered stomach contents were 
small clams, shrimps, plant material, and sediment (Feder, 1977a; 
Feder and Jewett, 1977). In Cook Inlet plant material, possibly eelgrass, 
was observed in one stomach. Yasuda (1967) examined stomachs of Chionoecetes 
opilto elongatus Rathbun from Japanese waters, and found the most frequently 
occurring invertebrate prey to be brittle stars (Ophtura sp.), young C. opilio 
elongatus, and protobranch clams. Polychaetes, shrimps, gastropods, scapho- 
pods and flatfishes were also taken by C. opilto elongatus. Chtonoecetes 
optlto from the Bering Sea fed primarily on polychaetes, Ophiura sp., and 
Macoma sp. (Feder, 1977a). Chtonoecetes optlto from the Chukchi Sea 
fed mainly on polychaetes, bivalve molluscs and crustaceans; sediment was 
an important component in more than half of the crabs examined (Feder, unpub.). 
Polychaetes and gastropods were common in lower Cook Inlet but rarely 
preyed upon. Brittle stars are relatively rare in lower Cook Inter. (Ganna— 
balism was infrequent in Cook Inlet. Scaphopods and fishes were not 
encountered in C. batrdi stomachs. The importance of sediment commonly 


found in C. batrdi and C. optlio stomachs is not known. 
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Other Species - Bivalve molluscs were the major components of the diet 
of the king crab, Paraltthodes camtschattca, in Cook Inlet in October 1976, 
with the protobranch clam, Nuculana fossa dominating the diet at this time. 
A similar reliance on molluscan prey is noted for king crabs in the Bering 
Sea (Feder, 1977a; McLaughlin and Hebard, 1961). Prior to the 
eruption of Augustine Volcano in Cook Inlet in January through February 
1976, the bottom adjacent to Augustine Island was primarily composed of 
sediments with little hard substrate present. During the eruption, volcanic 
debris scattered over several miles of bottom around the island (Feder, 
unpub. observ.). This hard, widely-dispersed substratum made avail- 
able new surfaces for attachment of sessile organisms and by November 
1977 all volcanic debris recovered in trawls was covered by barnacles 
(Feder, unpub). Preliminary feeding data on king crabs taken from the 
Augustine Island area (Stations 35 and 53) in November 1977 indicate that 
most of these animals are feeding exclusively on this new food item 
(Feder, unpub. data based on the November 1977 cruise of the NOAA Ship 
Surveyor). A study of the extent of this newly added volcanic, hard 
substrate on the bottom of Cook Inlet, and the effect of the recently 
settled barnacles on this substrate on local food webs is currently in 
progress (see Sect. I, Annual Report for 1978). 

Chtonoecetes batrdt and crangonid and pandalid shrimps appear to be 
the most widely utilized food source for many fishes in lower Cook Inlet. 

In Kodiak, snow crabs were the single most frequently occurring food 
species found in Pacific cod stomachs, occurring in nearly 40% of the 
4277 cod examined (Jewett, in press). Crangonid and pandalid shrimps were 
also important in the diet of Pacific cod in the Kodiak area (Jewett, in 
press). Chtionoecetes batrdt has become important in the Alaskan and world 
markets, and has been commercially harvested in Cook Inlet since 1968. The 
heavy utilization of snow crabs as food by many fishes, inclusive of Pacific 
cod, in lower Cook Inlet further attests to the commercial abundance of 


this crab in the Inlet. 
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Clam Studies 

Benthic bivalves are important contributors to the benthic biomass in 
lower Cook Inlet. The growth-history data generated by this OCSEAP study 
should provide information on the relative stability of the environment 
(Appendix II). Age data will also aid in analysis of recruitment success 
and mortality rates of the clams examined. The combination of growth, 
recruitment, and mortality rates can be used in determining secondary pro- 
duction for benthic bivalves in Cook Inlet. Recent studies indicate that, 
in Cook Inlet, benthic bivalves are an important food for the snow crab, 
Chitonoecetes bairdt. 

The sedentary habits of benthic bivalves prevent them from emigrating 
from polluted areas; thus, they are excellent species to use in monitoring 
programs. One or more of the six species examined are suggested for the 


development of a long-range monitoring study in Cook Inlet. 


VIII. CONCLUSIONS 


Seventy-four stations have been established in lower Cook Inlet, and 
samples have been taken by a variety of gear from most of these stations. 
The grab-sampling programs resulted in a wide coverage of the station 
grid. The van Veen grab typically functioned less effectively in Cook 
Inlet than it did in the NEGOA study area; a high proportion of sand in 
the sediments generally impeded grab penetration. However, despite 
funding constraints, it was possible to select thirteen stations as likely 
candidates for monitoring after petroleum activities are initiated in the 
Inlet. 

Use of the pipe dredge and trawls resulted in a broad coverage of 
the sampling grid, and comprehension of the distributional patterns of 
the dominant infaunal and epifaunal species in the Inlet. It is apparent 
that the most common species have been collected in the two cruises 
completed in 1976 and that only rare or uncommon species will be taken in 
future surveys. 

The dominant infaunal species taken were polychaetous annelids and 
molluscs. A total of 76 species of bivalve molluscs (clams, mussels, 
scallops) were collected. Deposit-feeding clams dominated the fine 


sediments of the western side of the Inlet. Suspension-feeding clams 


ST 


increased in importance in sandier areas of outer Kachemak Bay; deposit 
feeders assumed importance in inner Kachemak Bay. 

Arthropod crustaceans dominated the epifauna in number, weight and 
biomass; the commercially important snow crab, Chtonoecetes bairdi, dom- 
inated the catch at most trawl stations. Large numbers of juvenile 
snow crabs occurred in the deep water region immediately east of Cape 
Douglas. The latter area should be listed as a potentially important 
snow-crab nursery area, and should be monitored on a continuing basis 
once oil activity is initiated in the Inlet. 

Snow crabs in lower Cook Inlet feed on prey items widely distributed 
in the area - barnacles, hermit crabs, crangonid shrimps, and clams 
(primarily Macoma spp.). With the exception of barnacles, the prey of 
snow crabs are (1) deposit feeders, (2) species that take up variable 
amounts of sediment in the feeding process, and/or (3) ones that utilize 
prey which occur in or use the sediments as a food source. Furthermore, 
sediment is commonly found in (. batrdt stomachs, and may represent a 
dominant component of stomach contents. 

Deposit-feeding clams are important in the diet of king crabs and 
some demersal fishes. In addition, many bottom-dwelling fishes in the 
Inlet utilize snow crab and crangonid and pandalid shrimps in their 
diet - prey species indirectly or directly dependent on sediments in 
their food habits. It is apparent from these examples, and others 
referred to in this report, that in lower Cook Inlet much of the shallow 
benthos is driven energetically by the sediment-detrital system. Shallow 
sediment-detrital systems are probably very susceptible to oil contamin- 
ation, especially in bodies of water like lower Cook Inlet with high 
suspended loads, if adsorbed oil fractions on settling particles become 
incorporated into the bottom sediments. It is highly recommended that 
future activities in lower Cook Inlet center around the benthic boundary 
layer (sediment-water interface) and that process oriented studies in- 
tensively investigate this layer. 

Although king crab heavily utilize deposit-feeding clams, suspension- 
feeding barnacles are also an important prey item for these crustaceans in 
lower Cook Inlet. The presence of an extensive, new substrate (volcanic 


debris) for barnacle attachment in the Inlet, after the eruption of 
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Augustine Volcano in 1976, greatly increased the abundance of barnacles (see 
data in Section I of this report). The crabs in the vicinity of the volcano 
(November 1977) were feeding almost exclusively on this new food source. 
A study of the long-term effects of these recently settled barnacles on 
food webs in lower Cook Inlet is suggested. Since barnacles in their feeding 
activities process suspended food particles, they represent another potential 
reservoir for petroleum hydrocarbons, in this case derived from contaminated 
plankters. A barnacle-dominated feeding regime for crabs in Kamishak Bay 
adjacent to Augustine Island could result in tainted or contaminated 
organisms in the commercial catch if the barnacle resource there were to 
become impacted by petroleum. 

Benthic bivalves are important contributors to the benthic biomass 
in lower Cook Inlet. The growth-history data derived from this study 
should provide a method for assessing the stability of the environment. 
Age data should also aid in analysis of recruitment and mortality rates 
of dominant species of clams; such analysis would be invaluable as part 


of a monitoring program in the Inlet. 


IX. NEEDS FOR FURTHER STUDIES 


Suggestions for further work in Cook Inlet are included in the 1978 


Annual Report, Section I of this document. 
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BIOMASS OF BENTHIC INVERTEBRATES OF LOWER COOK INLET; 
FROM THE R/V MOANA WAVE, NOAA SHIP MILLER FREEMAN, 
AND THE M/V PUFFIN, 1976 
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APPENDIX I - TABLE I 


OCCURRENCE OF TAXA IN 40 LOWER COOK INLET STATIONS 


AS OBTAINED BY PIPE DREDGE, APRIL 1976 


Taxonomic Names Represent Lowest Level of Identification 


Taxonomic Name 


Porifera (unid. species) 
Hydrozoa (unid. species) 
Allopora sp. 

Eunephthya rubtformis 
Pttlosareus gurneyt 
Actiniidae (unid. species) 
Rhynchocoela (unid. species) 
Polychaeta (unid. species) 
Polynoidae (unid. species) 
Nephtys sp. 

Lumbrinerts sp. 

Sternaspits scutata 
Sabellidae (unid. species) 
Mollusca (unid. species) 
Isehnochiton sp. 
Isehnochiton trifidus 
Mopalia etltata 

Mopalta ctrrata 

Mopalta mucosa 

Nucula tenuts 

Nuculana mtnuta 

Nueulana fossa 

Yoldia hyperborea 

Yoldta myalts 

Yoldta setssurata 
Glycymerts subobsoleta 
Musculus niger 

Musculus discors 

Modiolus modtolus 

Chlamys sp. 

Chlamys rubtda 

Chlamys bertngtana 
Astarte sp. 

Astarte alaskensts 
Astarte montegut 

Astarte rollandt 

Astarte bennetttt 

Astarte esquimaltt 
Cyelocardta sp. 
Cycloecardia ventrtcosa 
Cyeloeardta crebricostata 
Cyclocardta crassidens 
Thyastra flexuosa 

Kellta laperoust 


Cumulative 
Station 
Occurrence 


H 
FPNMWPWRNHHPRFPONWHHHFPONNHFRPNHFPORPWHRRFRFPOFPHPNFRPRFEWOANNUPWHEN 
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% of all! 
Cumulative 
Station 
Occurrence 


0.457 
Zou 
0.685 
0.228 
1.142 
0.457 
0.457 
6.393 
0.685 
0.913 
0.228 
0.228 
0.457 
0.228 
0.228 
13,10 
0.228 
0.228 
0.228 
0.685 
0.228 
2.283 
0.228 
1.598 
0.228 
Zoos 
0.457 
0.457 
1.826 
0.228 
0.228 
0.228 
0.685 
0.457 
2.055 
0.228 
0.228 
0.457 
0.913 
0.685 
0.228 
0.685 
0.457 
0.228 


% of all? 
Stations 


5.000 
27.500 
7.500 
2.500 
12.500 
5.000 
5.000 
70.000 
7.500 
10.000 
2.500 
2.500 
5.000 
2.500 
2.500 
15.000 
2.500 
2.500 
2.500 
7.500 
2.500 
25.000 
2.500 
17.500 
2.500 
27.500 
5.000 
5.000 
20.000 
2.500 
2.500 
2.500 
7.500 
5.000 
22.500 
2.500 
2.500 
5.000 
10.000 
7.500 
2.500 
7.500 
5.000 
2.500 
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Taxonomic Name 


Clinocardium sp. 
Cltnocardium ctiltatum 
Clinocardium caltforntense 
Serrtpes groenlandtcus 
Ltoeyma fluctuosa 
Humtlarta kennerlyt 
Protothaca stamtnea 
Sptsula polynyma 
Macoma sp. 

Macoma calearea 

Macoma obltqua 

Macoma balthtca 

Tellina nuculotdes 
Stltqua alta 

Mya truneata 

Mya prtapus 

Htatella arctica 
Lyonsta sp. 

Gastropoda (unid. species) 
Puneturella galeata 
Cryptobranchta alba 
Margarttes puptllus 
Margarttes costalts 
Solartella obseura 
Solartella vartcosa 
Trtchotropts cancellata 
Nattea clausa 

Polintces pallida 
Velutina lantgera 
Fusttrtton oregonensts 
Boreotrophon clathratus 
Boreotrophon stuartt 
Boreotrophon pact ficus 
Boreotrophon lastus 
Boreotrophon smitht 
Boreotrophon multicostalis 
Nucella lameltlosa 
Bucetnum plectrum 
Bertngtus sp. 

Neptunea sp. 

Neptunea lyrata 
Neptunea ventricosa 
Pltetfusus sp. 
Amphtssa columbtana 
Mitrella gouldt 
Votutomttra alaskana 
Oltvella baettea 


CONTINUED 


Cumulative 
Station 
Occurrence 
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% of all} 
Cumulative 
Station 
Occurrence 


0,228 
1598 
0.913 
0.457 
0.457 
1.142 
0.228 
1.370 
Of913 
2.055 
0.685 
0.685 
1.370 
0.228 
0.228 
0.228 
sO 
0.228 
0.685 
OSI 
0.228 
0.457 
0.228 
0.228 
0.228 
0.685 
1.142 
0.457 
0.228 
1.826 
0.228 
0.457 
0.457 
1.142 
0.228 
0.228 
O2913 
0.684 
0.228 
0.457 
1.142 
0.228 
02228 
0.685 
0.457 
0.228 
0.228 


% of all? 


Stations 


2.500 
17.500 
10.000 

5.000 

5.000 
12.500 

2.500 
15.000 
10.000 
22.500 

7.500 

7.500 
15.000 

2.500 

2.500 

2.500 
15.000 

2.500 

7.500 
10.000 

2.500 

5.000 

2.500 

2.500 

2500 

7.500 
12.500 

5.000 

2.500 
20.000 

2.500 

5.000 

5.000 
12.500 

22500 

2.500 
10.000 

7.500 

2.500 

5.000 
12.500 

2.500 

2.500 

7.500 

5.000 

26500 

2.500 
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CONTINUED 
A soya, culale 
Cumulative Cumulative 
Station Station Total 
Taxonomic Name _§- (Occurrences _ Occurrence _ Stations 
Admete couthouyt al 0.228 2.500 
Suavodrillta kenntecotttt aL 0.228 2.500 
Oenopota sp. 1 0.228 2.500 
Oenopota turrtcula 4 0.913 10.000 
Balanus sp. 3 0.685 7.500 
Balanus crenatus 1 0.228 2.500 
Balanus evermant 2 0.457 5.000 
Balanus rostratus 2 0.457 5.000 
Amphipoda (unid. species) 6 1.370 15.000 
Ampeltsetda birulat iL 0.228 2.500 
Byblts gatmandt 2 0.457 5.000 
Meltta dentata ib 0.228 2.500 
Ischyrocerus sp. il 0.228 2.500 
Lebbeus groenlandtcus 1 0.228 2.500 
Crangon dalit i 0.228 2.500 
Selerocrangon boreas il 0.228 2.500 
Paguridae (unid. species) al 08228 225,00 
Pagurus sp. 8 1.826 20.000 
Pagurus ochotensts 3 0.685 7.500 
Pagurus captllatus ak 0.228 2.500 
Pagurus kennerlyt 1 0.228 2.500 
Pagurus bertnganus ap 0.228 2.500 
Elassochirus tenuimanus 6 1.370 15.000 
Paraltthodes cantschattea 2 0.457 5.000 
Rhtnoltthodes wosnessenskit 1 0.228 2.500 
Oregonta gractlts 7 196 17.500 
Hyas lyratus 7 1.598 17.500 
Chtonoecetes batrdt 83 0.685 7.500 
Cancer oregonensts 5 1.142 12-500 
Pinntxa sp. 2 0.457 5.000 
Sipunculida (unid. species) 3) 0.685 7.500 
Ectoprocta (unid. species) sei: Dre Dial 27.500 
Aleyontdium sp, il 0.228 2.500 
Flustrella sp. 2 0.457 5.000 
Terebratulina ungutcula iL 0.228 2.500 
Laqueus caltforntanus 3 0.685 7.500 
Terebratalta transversa 7. 1.598 17.500 
Ctenodiscus ertspatus i 0.228 2.500 
Henrteta Levtuscula 2 0.457 5.000 
Crossaster papposus 3} 0.685 7.500 
Leptastertas sp. 1 0.228 2.500 
Leptastertas polarts 4 0.913 10.000 
Echinarachntus parma $) 2.055 22.500 
Strongylocentrotus droebachtensis 7 12598 17.500 
Ophtopholts sp. a 0.228 2.500 
Ophtopholts aculeata 3 02695 7.500 
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CONTINUED 
(oot ali 
Cumulative Cumulative 
Station Station Lot sal 
Taxonomic Name Occurrence ____Occurrence _‘Stations 
Ophiuridae (unid. species) 1 0.228 2.500 
Amphtpholts sp. i 0.228 2.500 
Ophtura sp. il 0.228 2.500 
Ophtura sarst 2 On45i7/ 5.000 
Cucumariidae (unid. species) aft 0.228 2.500 
Cucumarta sp. 2 0.457 5.000 
Urochordata (unid. species) 5 ea? 2.500 
Chelyosoma sp. ey 0.228 2.500 


TOTAL 438 


_ Cumulative station occurrence 


Total cumulative station occurrence 


_ Cumulative station occurrence 


Total number of stations occupied 
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OCCURRENCE OF TAXA IN 58 LOWER COOK INLET STATIONS 
AS OBTAINED BY PIPE DREDGE, OCTOBER 1976 


Taxonomic Names Represent Lowest Level of Identification 


of alee 
Cumulative Cumulative 
Station Station % ofall 
Taxonomic Name Occurrence _—_—_—dOccurrence Stations 
Porifera (unid. species) ala TZ 67; 18.966 
Hydrozoa (unid. species) atl #2 O97) 18.966 
Lafoeidae (unid. species) 2 0.230 3.448 
Sertulariidae (unid. species) 7 0. 806 12.069 
Sertularella sp. 4 0.461 6.897 
Sertularia sp. 11 2 617 18.966 
Abtettnarta sp. 10 152 V7. 241i 
Plumulariidae (unid. species) 2 0.230 3.448 
Allopora sp. 5 0.576 8.621 
Stylatula gracile al Oe115 1.724 
Ptilosarecus gurneyt 5 0.576 8.621 
Actiniidae (unid. species) 3 0.346 Spal ay (72 
Rhynchocoela (unid. species) 3 0. 346 By Ly/72 
Polychaeta (unid. species) 22 PE PiSYO\o) 37.931 
Polynoidae (unid. species) 5 0.576 8.621 
Sigalionidae (unid. species) ik Oma M2 
Nereidae (unid. species) 1 Of1n5 1.724 
Nerets sp. 1 OMS IS yf Paeh 
Nephtys sp. 15 Ley 28 25.862 
Glycera sp. 1 OeS 1.724 
Glyctnde sp. 4 0.461 6.897 
Onuphidae (unid. species) 133} 1.498 22.414 
Arabellidae (unid. species) 2 0. 230 3.448 
Flabelligeridae (unid. species) 4 0.461 6.897 
Opheliidae (unid. species) 4 0.461 6.897 
Ophelia ltmactna 4 0.461 6.897 
Sternaspts scutata 3 0.346 5. L72 
Maldanidae (unid. species) 10 AD 2. 17.241 
Ctstentdes hyperborea 4 0.461 6.897 
Sabellidae (unid. species) y) 0. 230 3.448 
Serpulidae (unid. species) 7. 0.806 12.069 
Hirudinea (unid. species) 1 0.125 12. E24 
Isehnochtiton trtfidus 5 0.576 8.621 
Mopalta sp. Hl Onat5 ey 2e 
Nucula tenuts 13 1.498 22.414 
Nuculanidae (unid. species) il Onlaes esi 
Nuculana minuta il OnTI5 1.724 
Nuculana fossa 18 2.074 31.034 
Porttandta sp. il 0.115 L724 
Tindarta kennerlyt a Ops 1.724 
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CONTINUED 
Zi of valle 
Cumulative Cumulative 
Station Station fe toe eal 
Taxonomic Name Occurrence Occurrence Stations 
Yoldia amygdalea 4 0.461 6.897 
Yoldta myalis 6 0.691 10.345 
Yoldta sctssurata 6 0.691 10.345 
Yoldta thractaeformts 1 Ov 1.724 
Yoldia secunda 1 0.115 i 24 
Glycymerts subobsoleta 133 1.498 22.414 
Myttlus edulis 2 0.230 3.448 
Crenella decusucata 5 OL 76 8.621 
Musculus ntger 2 0.230 3.448 
Musculus corrugatus 2 0.230 3.448 
Musculus marmoratus i 0.115 Lae 
Modtolus modtolus 7 0.806 12.069 
Chlamys sp. 1 Oe 1 7:24 
Chlamys rubtda if 0.806 12.069 
Cyelopecten sp. 1 0.115 1 37:24 
Propeamussium alaskense 1 0.115 1.724 
Lima sabaurtculata ft O15 Len2e 
Pododesmus macrochtsma 2 0.230 3.448 
Astarte borealts 4 0.461 6.897 
Astarte alaskensts Wy 1.382 20.690 
Astarte montegut 4 0.461 6.897 
Astarte rollandt 7 0.806 12.069 
Astarte bennettit 1 Onn Lef24 
Astarte esquimaltt 14 1.613 24.138 
Cyeloeardta ventricosa 5 13728 25.862 
Cyclocardta erebricostata Z 0.230 3.448 
Cyeloecardia crasstdens 1 O.a5 L724 
Parvitlueina tenutsculpta 5 0.576 8.621 
Axtnopstda serricata 13 1.267 18.966 
Thyastra flexuosa Ti 0.806 12.069 
Mysella sp. 3 0. 346 Sekn2 
Odontogena borealts v4 0.806 12.069 
Cltnocardium etltatum vs 0.806 12.069 
Clinocardtum caltforniense 0. 806 12.069 
Serrtpes groenlandicus 6 0.691 10.345 
Saxtdomus gtgantea 1 0) a es Bs 24 
Ltoeyma fluctuosa 4 0.461 6.897 
Psephtdta lordt 19 2.189 328759 
Humtlarta kennerlyt 2 0.230 3.448 
Protothaca staminea 4 0.461 6.897 
Sptsula polynyma 10 Ie ha2 L242 
Macoma sp. 4 0.461 6.897 
Macoma calearea 12 1.382 20.690 
Macoma elimata 2 0.230 3.448 
Maeoma brota 4 0.461 6.897 
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CONTINUED 
% of all! 
Cumulative Cumulative 
Station Station Uiof all 
Taxonomic Name Occurrence Occurrence Stations _ 
Macoma obliqua ib (@Oakrbs) dey yah 
Macoma moesta alaskana 7 0.806 12.069 
Tellina nuculotdes 12 Iss fey2 20.690 
Stliqua sloatt ib ORS eet 
Mya priapus 6 0.691 HONS 45 
Htatella arctica 4 0.461 6.897 
Pandora btltrata a OAS 1.724 
Puneturella galeata 4 0.461 6.897 
Cryptobranchia coneentrica 2 0.230 3.448 
Margarttes oltvaceus 2 0.230 3.448 
Solariella obscura Ta 1.267 18.966 
Solartella vartcosa 4 0.461 6.897 
Coceultna casantea al Oeaales Typ 
Balets sp. af Ose II Ze 
Creptdula nummaria 1 Oe 1 724 
Trichotropididae (unid. species) 1 0.115 Wei Ze 
Amauropsts purpurea 2 0.230 3.448 
Nattea elausa 12 Pe 3o2 20.690 
Poltntces palltda 8 0.922 13793 
Veluttna sp. 1 0.115 2a 
Fusttrtton oregonensis 8 0.922 13/93 
Boreotrophon pact ficus 1 Ost ieee 24 
Boreotrophon lastus 1 0.115 2 
Nucella lamellosa af Oo1L5 heya 
Buectnum plectrum 2 0.230 3.448 
Neptunea lyrata 6 0.691 10.345 
Neptunea ventricosa il Orla ls) ee De 
Amphissa columbtana 2 0.230 3.448 
Mitrella gouldt 6 0.691 10.345 
Volutomttra alaskana 2 0.230 3.448 
Oltvella baettea zi 0.230 3.448 
Admete sp. a (OS ARIAS) 1724 
Oenopota sp. 8 On922 ISS 7) 
Oenopota decussata i Oo115 qe oe 
Propebela sp. 2 0.230 3.448 
Turbontlla torquata 2 0.230 3.448 
Retusa sp. al (5 Lies) ee 
Dtaphana sp. 2 0.230 3.448 
Cyltehna alba 5 0.576 8.621 
Cyliechna attanosa 1 Os5 1.724 
Dorididae (unid. species) 2 0. 230 3.448 
Dentalium sp. 2 0. 230 3.448 
Pycnogonidae (unid. species) i Onda 1.724 
Thoracica (unid. species) al OoTt5 Ze 
Balanus sp. 1 Oe115 1.724 
Balanus hespertus 2 0. 230 3.448 


Nn 
Ne) 
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CONTINUED 
Zor nals | 
Cumulative Cumulative 
Station Station % of all? 
Taxonomic Name Occurrence Occurrence Stations 
Balanus rostratus 15 1, 728 25.862 
Cumacea (unid. species) 8 0.922 3 ee. 9 8, 
Roetnela augustata 1 OedS 1.724 
Amphipoda (unid. species) 23 2.650 39.655 
Eriecthonius sp. 1 OSL aL yezA 
Antsogammarus sp. if Onde e724 
Meltta sp. ib O} Sakis) 1/24. 
Anonyx sp. 2 0.230 3.448 
Talitridae (unid. species) i: OrteS 2 
Caprellidae (unid. species) aL ORaEES 1.724 
Decapoda (unid. species) 1. Osd15 ieee 2k 
Pandalus sp. a Ome 1.724 
Pandalus borealts 1 Olde ee 22s 
Pandalus gonturus a 0.115 Losh2e 
Pandalus hypstnotus il 0, 115 L724 
Pandalopsts dispar ay 0.115 1.724 
Sptrontocarts lamellicornts 1 (O}alans) e124 
Lebbeus groenlandicus 1 01.115 1h 24 
Eualus sp. 1 Odes 1 A24 
Eualus herdmant il 0.115 1.724 
Eualus stoneyt af OalEle5 Le Ve 
Heptacarpus tridens 1 Ond5 1.424 
Crangon dallt 8 0.922 134793 
Callianassidae (unid. species) 2 0.230 3.448 
Pagurus sp. 6 0.691 10.345 
Pagurus ochotensts 5 0.576 8.621 
Pagurus aleuticus i! 0.415 Ls24 
Pagurus captllatus 4 0.461 6.897 
Pagurus kennerlyt 4 0.461 6.897 
Pagurus bertnganus 2 0.230 3.448 
Pagurus trtgonochetrus 2 0.230 3.448 
Elassochirus tenutmanus 8 0.922 alsya7/e)s} 
Oregonta gracilis 8 05922 135,493 
Hyas lyratus 3 0.346 5 akh2 
Chtonoecetes batrdt 8 0.922 1350/93 
Cancer sp. ul OES Ze 
Cancer magister ih 0.215 anes 
Cancer oregonensts 7 0.806 12.069 
Pinntzxa ocecetdentalts 2 0.230 3.448 
Golfingta sp. il 05115 1.724 
Golfingta margarttacea 5 0.576 8.621 
Phascolton strombt 1 Oe 1S MWe 
Echturus echturus alaskensts 1 0.115 ed 24 
Ectoprocta (unid. species) iy 1.382 20.690 
Flustridae (unid. species) iat 12 67 18.966 
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APPENDIX I - TABLE II 
CONTINUED 
Cumulative 


Station 
Taxonomic Name Occurrence 


Microportna sp. 
Diastoporidae (unid. species) 
Heteropora sp. 
Aleyontdtum sp. 
Flustrella gtgantea 
Brachiopoda (unid. species) 
Terebratulina unguteula 
Laqueus californtanus 
Terebratalta transversa 
Echinodermata (unid. species) 
Ctenodiscus ertspatus 
Henricta sp. 
Crossaster papposus 
Leptastertas polarts 
Echinarachntus parma 
Strongylocentrotus droebachtensts 
Strongylocentrotus franciscanus 
Ophiuroidea (unid. species) 
Amphtpholts pugetana 
Dtamphtodta craterodmeta 
Dtamphtodta pertercta 
Gorgonocephalus caryt 
Ophtopholts aculeata 
Ophtopenta dtsacantha 
Ophtura sp. 
Ophtura sarst 
Synaptiidae (unid. species) 
Cucumarta caletgera 
Urochordata (unid. species) 
Styelidae (unid. species) 
Haloeynthta tgaboja 

TOTAL 


PROP RP WNW UKFP PN FRPP RP OUNNWHHENDURFNF RP NW 


| 


(oe) 


68 


Cumulative station occurrence __ 
Total cumulative station occurrence 


Cumulative station occurrence _ 


Total number of stations occupied 
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atone ela 
Cumulative 
Station 
Occurrence 


0.346 
0. 230 
OLIaS 
0.461 
0. 230 
OTS 
0.576 
0.691 
0.806 
0.115 
0.115 
0.346 
0.230 
0. 230 
1.728 
0.922 
O2225 
OLS 
0.461 
0. 230 
OSS 
0.115 
0.576 
0. 346 
O53230 
0.346 
0.115 
05115 
0.576 
Oe tES 


100 


Osa 


% of all2 


Stations _ 


Bo llyZ 
3.448 
1.724 
6.897 
3.448 
Pe 724 
8.621 
10.345 
12.069 
1.724 
24 
Dieley2 
3.448 
3.448 
25.862 
13.798 
1.724 
1.724 
6.897 
3.448 
1.724 
1.724 
8.621 
Bodhi 
3.448 
8.621 
1.724 
1.724 
Sig yal 
eee 
1.724 


APPENDIX I - TABLE III 
ALASKA DEPARTMENT OF FISH AND GAME (ADF&G) 


OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 01 
18.3 METERS - 8/10/76 - TIME 1250 


1 


Taxon Relative Abundance 
Cnidaria 
Hydrozoa F 
Annelida 
Serpulidae A 
Polynoidae G 
Nereidae N 
Mollusca 
Tellina nuculotdes G 
Glycymerts subobsoleta @ 
Hiatella aretteca @ 
Cyeloeardia crebricostata if 
Museculus verntcosus F 
Oltvella baetica F 
Psephidta lordt C 
Arthropoda 
Balanus sp. F 
Cumacea A 
Caprellidea A 
Gammaridae (6 species) A 
Pagurus sp. F 
Elassochtrus tenutmanus C 
Elassochirus gtllt a 
Seleroecrangon boreas 3 
Crangon sp. C 
Telmessus chetragonus 15 
Hyas lyratus if 
Oregonta gracilis IF 
Ectoprocta 1 
Echinodermata 
Ophiuroidea (6; 
Urochordata 
Solitary ascidian F 
Compound Ascidian if 


Comments: Lots of kelp and pieces of wood 


lRelative Abundance: I = Infrequent (1-10 organisms) 
F = Few (11-20) 

C = Common (21-35) 

N = Numerous (36-50) 

A = Abundant (>51) 
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APPENDIX I - TABLE IV 


ADF&G OUTER KENAT PENINSULA, BOTTOM SKIMMER STATION 02 
20.1 METERS - 8/10/76 - TIME 1325 


Taxon Relative Abundance ~ 
Porifera ii 
Annelida 


Syllidae I 
Polynoidae 


H 


Mollusca 
Modtolus modtolus 
Musculus discors 
Cycloeardta erebrtcostata 
Crenella decussata 
Htatella arctica 
Tellina nuculotdes 
Glycymeris subobsoleta 
Astarte rollandt 
Limatula subauriculata 
Olivella baettea 
Polintees palltda 
Fusttrtton oregonensts 
Velutina sp. 
Lacuna sp. 
Creptdula nummarta 
Ischnoehtton sp. 


HHH HH HAO PRAHA OHA 


Arthropoda 
Balanus sp. 
Penttdotea sp. 
Gammaridae (6 species) 
Cumacea 
Hippolytidae 
Crangon datlt 
Argts crassa 
Pagurus ochotensis 
Pagurus capillatus 
Pagurus beringanus 
Elassochirus tenutmanus 
Hyas lyratus 
Oregonta gracilts 


Les > Bs ee Oo 


Ectoprocta 
Aleyonidtum sp. 
Flustra sp. 
Mteroportina sp. I 


HH 
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APPENDIX I — TABLE IV 


CONTINUED 

Taxon Relative Abundance | 
Brachiopoda 

Terebratalia transversa 1 
Echinodermata 

Ophiuroidea iE 

Brisaster touwnsendt T 

Strongylocentrotus droebachtensts ui 
Urochordata 

Compound ascidian F 


—_—_ SS 


Comments: Numerous green, brown and red algal fragments 


596 


APPENDIX I -— TABLE V 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 03 
25.6 METERS - 8/10/76 - TIME 1350 


Taxon ______—~ Relative Abundance ~ 
Porifera aL 
Mollusca 
Astarte rollandt iE 
Glyeymerts subobsoleta iT 
Musculus dtscors I 
Oltvella baetica T 
Arthropoda 
Balanus sp. F 
Pandatlus sp. F 
Pandatus borealis I 
Argts crassa af 
Crangon dallt I 
Seleroecrangon boreas I 
Eualus sp. 1 
Pagurus kennerlyt I 
Elassochirus tenutmanus C 
Elassochtrus gtllt I 
Echinodermata 
Lophaster sp. if 


Comments: Large fragments of brown and red algae 


597 


APPENDIX I — TABLE VI 


ADF&G OUTER KENAL PENINSULA, BOTTOM SKIMMER STATION 04 
18.3 METERS - 8/10/76 — TIME 1415 


Taxon Relative Abundance 
Porifera aE 


Cnidaria 
Hydrozoa I 


Annelida 
Serpulidae I 


Mollusca 
Humtlarta kennerleyt i 
Olivella baettieca 


H 


Arthropoda 
Mysidacea 
Crangon datlit 
Selerocrangon boreas 
Eualus sp. 
Heptacarpus trtdens 
Pagurus sp. 
Pagurus trtgonochtrus 
Pagurus beringanus 
Elassochirus tenutmanus 
Caneer oregonensts 
Oregonta gracilis 


HHHAH HAH HAY 


Ectoprocta 
Flustrella gigantea a 


Echinodermata 


Strongylocentrotus droebachtensts I 


Comments: Sea grass and brown algae present 
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APPENDIX I - TABLE VII 


ADF&G OUTER KENAT PENINSULA, BOTTOM SKIMMER STATION 05 
20.1 METERS - 8/10/76 - TIME 1423 


Taxon Relative Abundance 


Annelida 
Glyceridae 
Ampharetidae 
Nephtyidae 
Nereidae 
Serpulidae 
Terebellidae 
Phyllodocidae 


WdHORe Aaa 


Mollusca 
Astarte sp. 
Glyeymerts subobsoleta 
Cyeclocardta crebricostata 
Musculus discors 
Oltvella baettca 
Cyltehna sp. 


HHOHH 


Arthropoda 
Mysidacea 
Crangon dalit 
Argts sp. 
Selerocrangon boreas 
Elassoechtrus tenutmanus 
Pagurus sp. 
Sptrontocarts sp. 
Caprellidea 
Gammaridea (4 species) 
Lebbeus groenlandicus 


HAH HHH HH OP 


HH 


Ectoprocta 


Echinodermata 
Strongylocentrotus droebachtensts I 


Comments: Substrate - coarse sand; lots of algae and seaweeds 
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APPENDIX I - TABLE VIII 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 06 
9.1-18.3 METERS - 8/11/76 -— TIME 0900 


Taxon Relative Abundance © 
Porifera I 
Cnidaria 
Hydrozoa a 
Annelida 
Sabellidae (small) A 
Polynoidae C 
Cistentdes sp. (small) (@ 
Mollusca 
Pododesmus macrochtsma C 
Nattea sp. an 
Oltivella baettea iL 
Fusitriton oregonensts I 
Nassartus sp. iH 
Trichotropts sp. I 
Calltostoma sp. i 
Nudibranch I 
Mya truneata (dead) iE 
Tellina nuculotdes (small) au 
Arthropoda 
Isopoda (one Ectoparasitic form) HE 
Amphipoda (10 species of Gammaridea) A 
Pagurus sp. N 
Elassochirus tenutmanus C 
Hyas lyratus C 
Oregonta gracilis C 
Selerocrangon boreas F 
Sptrontoecarts sp. (small) N 
Megalops of crabs C 


Comments: Two Pododesmus occupying dead Fusttriton shell along 
with an Elassochtrus; one of the Pododesmus brooding 
v50 eyed, shelled young. 
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APPENDIX I - TABLE IX 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 07 
18.3 METERS - 8/11/76 - TIME 1930 


Taxon Relative Abundance 
Cnidaria 
Hydrozoa (1 specie) i 
Mollusca 
Glycymerits subobsoleta iT 
Dtplodonta orbellus L 
Nudibranch i 
Arthropoda 
Hippolytidae 1 
Selerocrangon boreas a 
Argts crassa i 
Oregonta gracilis I 
Elassochtrus tenuimanus i 
Pagurus capillatus I 
Echinodermata 
Pteraster tesselatus i 


Comments: Short tow, hung up on rocks 
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APPENDIX I -— TABLE X 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 10 
31.1 METERS - 8/11/76 - TIME 1030 


Taxon Relative Abundance 


Porifera (1 type) if 


Cnidaria 
Hydrozoa F 


Annelida 
Polynoidae 
Terebellidae 
Serpulidae 
Nereidae 
Syllidae 


MAYOR 2 


Mollusca 
Nudibranch 
Velutina sp. 
Plactphorella sp. 
Micranellum sp. 
Oltvella baettea 
Oenopota sp. 
Humtlarta kennerleyt 
Glycymerts subobsoleta 
Polintees sp. 
Pododesmus macrochisma 
Crepidula sp. 


HHH TRH Se 


Arthropoda 
Hippolytidae (small) 
Caneer sp. 
Oregonta gractlts (small) 
Elassochtrus tenutmanus 
Isopoda 
Gammaridae (8 species) 
Caprellidae 
Pagurus sp. 
Selerocrangon boreas 
Pycnogonida 


HHAPRrPHHOH 


Z 


Ectoprocta (colony) 


Echonodermata 
Crossaster papposus I 
Ophiuroidea 
Strongylocentrotus droebachtiensts 


Five 


602 


APPENDIX I - TABLE X 


CONT INUED 


Taxon Relative Abundance _ 


Comments: 1 stomach examined from Gymnocanthus sp. juvenile; 
27 mm total length; contained 2 Pandalid shrimp; 
3 Gammarid amphipods 
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APPENDIX I - TABLE XI 


ADF&G OUTER KENAT PENINSULA, BOTTOM SKIMMER STATION 11 
27.4 METERS -— 8/11/76 - TIME 1105 


Taxon Relative Abundance 


Porifera (3 species; one c.f. Grantiidae) i 


Cnidaria 
Hydrozoa (6 species) A 


Annelida 
Polynoidae 
Nereidae 
Phyllodocidae 
Syllidae 
Serpulidae 


HHHHH 


Teal 


Rhynchocoela 


Mollusca 
Htatella arctica 
Crepidula nwmmarta 
Isehnochiton albus 
Nudibranch 
Fusttriton oregonensts 
Nucella lamellosa 
Amphtssa columbtana 
Musculus dtscors 
Modtolus modtiolus 
Chlamys rubida 
Velutina sp. 


HHA eH DH 


Arthropoda 
Balanus balanus 
Pagurus sp. 
Elassochtrus tenutmanus 
Cancer oregonensts 
Hippolytidae 
Gammaridea (8 species) 
Caprellidae (2° brooding eggs) 
Isopoda 
Oregonta gracilis 
Lebbeus groenlandtcus 
Pagurus kennerleyt 
Pugettta gracilis 


HHHOASAPPHAHAP 


> 


Ectoprocta (colonial) 
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APPENDIX I — TABLE XI 


CONTINUED 


Taxon 
Echinodermata 
Ophtopholts aculeata 


Henricia sp. 


Urochordata (compound ascidian) 


Comments: Main bulk of tow consisted of 
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Relative Abundance _ 


hydrozoans and ectoprocta 


APPENDIX I - TABLE XII 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 12 
31.1 METERS - 8/11/76 - TIME 1125 


Taxon 
Foraminifera 
Porifera 


Cnidaria 
Hydrozoa (2 species) 
Anthozoa 


Annelida 
Owenidae 
Polynoidae 
Phyllodocidae 
Serpulidae 
Syllidae 
Nephtys sp. 
Nereis sp. 
Lumbrineris sp. 
Eunoeé sp. 
Nephtyidae 
Nereidae 
Sabellidae 
Serpulidae 


Rhynchocoela 


Mollusca 
Musculus dtscors 
Modtoltus modiolus 
Nattea sp. 
Fusttriton oregonensis 
Nucella lamellosa 
Htatella arctica 
Humilarta kennerleyt (dead) 
Glycymeris subobsoleta (dead) 
Astarte sp. (dead) 
Ischnochiton sp. 
Pododesmus macrochisma 
Polyplacophora (3 types) 
Nudibranch 
Unident. gastropod 
Scaphopoda 
Sptsula polynyma (dead) 
Pectinidae (dead) 
Trophonopsis sp. (dead) 
Nattea sp. (dead) 
Fusttriton oregonensts (dead) 
Fissurellidae (dead) 
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Relative Abundance _ 
A 


F 


ee 3 | Hy 


es] 


To le Ol oe Be le a eco coe] 


APPENDIX I — TABLE XII 


CONTINUED 
Taxon Relative Abundance 
Arthropoda 
Gammaridae (6 species) A 
Eusiridae A 
Lysianassidae A 
Isopoda (2 species) N 
Balanus sp. A 
*most of decapods were zooea, megalops, 
and post-megalops juveniles 
Pandalidae I 
Selerocrangon boreas I 
Elassochtrus tenutmanus F 
Hyas lyratus (1 ? w/orange eggs) i 
Cancer oregonensts if 
Oregonta gracilis (2? with eggs) C 
Cumacea (2 9? brooding young) iB 
Pycnogonida (2 species) F 
Ectoprocta 
Flustra sp. iy 
encrusting A 
leafy N 
Echinodermata 
Asteroidea i 
Echinoidea iL 
Ophiuroidea I 
Strongylocentrotus droebachtensis I 
Urochordata 
Compound ascidian i 
Rhodosomatidae I 


Comments: Numerous larval decapods 
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APPENDIX I - TABLE XIII 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 13 
36.6 METERS - 8/11/76 - TIME 1340 


Taxon Relative Abundance 
Porifera i 


Cnidaria 
Hydrozoa (6 species) A 


Annelida 
Polynoidae 
Polychaeta I 
Serpulidae @ 


H 


Mollusca 
Fusttrtton oregonensts 
Olivella baettea 
Polyplacophora 
Hiatella arettea 
Glycymerts subobsoleta 
Mitrella gouldt 


[ror Fel ee be meee otha Ne es ad | 


Arthropoda 
Cumacea 
Oregonta gracilis 
Cancer oregonensts 
Balanus sp. 
Hippolytidae 
Pagurus sp. 
Pagurus kennerleyt 
Crangon dallt 
Gammaridae 
Pycnogonida 
Elassochirus gillt 
Elassochirus tenutmanus 
Lebbeus groenlandtcus 
Eualus sp. 
Pagurus captllatus 
Pugettta gracilis 


HHOHnHHHOH 


Ectoprocta 
encrusting 
Flustra sp. 
Aleyontdtium sp. 


(on A? I 


Echinodermata 
Ophiuroidea I 
Strongyloeentrotus droebachiensis al 
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APPENDIX I - TABLE XIII 


CONTINUED 
Taxon _Relative Abundance _ 
Urochordata 
Compound tunicate ali 


Comments: Numerous amounts of brown and red algae fragments 
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APPENDIX I -— TABLE XIV 


ADF&G OUTER KENAI PENINSULA BOTTOM SKIMMER STATION 14 
31.1 METER - 8/11/76 - TIME 1410 


Taxon 


Cnidaria 
Hydrozoa (2 species) 


Annelida 
Syllidae 


Mollusca 
Oltvella baetica 
Museulus discors 
Solartella obscura 
Tonteella lineata 


Arthropoda 
Elassochirus tenutmanus 
Pagurus bertnganus 
Cancer oregonensts 
Gammaridae 
Pagurus sp. 
Hippolytidae 
Eualus sp. 
Lebbeus groenlandicus 
Sptrontocarts prionota 


Sptrontocarts lamellicornts 


Oregonta gractlts 
Balanus balanus 


Ectoprocta 
Microporina sp. 
Flustrellidae 


Echinodermata 
Ophtopholts aculeata 


Strongylocentrotus droebachtensts 


Urochordata 
Compound ascidian 
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Relative Abundance _ 


HHH HHH RAY DRA Fare etait 


H 


APPENDIX I - TABLE XV 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 15 
29.3 METERS - 8/11/76 - TIME 1425 


Taxon Relative Abundance 


SS 


Foraminifera (3 species) ib 
Porifera I 


Cnidaria 
Hydrozoa (by colony) I 


Annelida 
Lumbrineridae 
Polynoidae 
Syllidae 
Serpulidae 


HAHAH eS 


Arthropoda 
Cumacea 
Mysidacea 
Isopoda 
Crangon sp. 
Oregonia sp. 
Amphipoda 
Hippolytidae 
Oregonta gractlts 
Pycnogonidae 
Balanus sp. 
Pagurus ochotensts 


HHHHOPTAAAAAS!’ 


Mollusca 
Oltvella baettea A 


Ectoprocta 
Microporina sp. ig 
Aleyontdtum sp. I 


Urochordata 
Compound ascidian I 


Comments: Numerous remains of pelecypods, gastropods, ectoprocta, 
crustaceans, hydrozoans, and algae 
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APPENDIX I - TABLE XVI 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 16 
40.1 METERS - 8/11/76 - TIME 1450 


Taxon Relative Abundance _ 


Porifera (2 species) I 


Cnidaria 
Hydrozoa (by colony) 
Anthozoa 


[on ne 


Annelida 
Serpulidae 
Phyllodocidae 
Polynoidae 
Nereidae 
Syllidae 


BHHREAaAAaAND 


Arthropoda 
Caprellidea (large) 
Gammaridea (10 species) 
Elassochtrus tenutmanus 
Oregonta gracilts (9? brooding eggs) 
Hyas lyratus 
Cancer sp. 
Pandalidae (small) 
Hippolytidae 
Argts sp. 
Balanus sp. 


On FAW aOnea 


Mollusca 
Fusttriton oregonensts 
Nudibranchs (small) 
Cyelocardia erebricostata (dead) 
Humilarta kennerleyt (dead) 
Astarte sp. (dead) 
Poltnices sp. (dead; w/Elassochirus in them) 
Creptdula sp. 


Hide HHORn 


Ectoprocta (¢ 


Echinodermata 
Asteroidea 
Ophiuroidea fe 
Strongylocentrotus droebachiensts i 


H 


Urochordata 
Compound ascidian (1 species) a 


612 


APPENDIX I - TABLE XVII 


ADF&G OUTER KENAT PENINSULA, BOTTOM SKIMMER STATION 17 
29.3 METERS - 8/11/76 - TIME 1525 


Taxon Relative Abundance 


Cnidaria 
Hydrozoa (2 species) aL 
Actiniidae I 


Mollusca 
Fusttrtton oregonensts Ti 
Creptdula nummarta 


Fl 


Arthropoda 
Elassochtrus tenutmanus 
Balanus sp. 
Argts crassa 
Pagurus sp. 
Elassochtrus gillt 
Eualus sp. 
Pagurus kennerlyt 
Pagurus confragosus 


BHA HAR OH 


Ectoprocta (encrusting) I 


Urchordata 
Compound ascidian I 
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APPENDIX I - TABLE XVIII 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 18 
27.4 METERS - 8/11/76 - TIME 1550 


Taxon is uae Relative Abundance _ 
Mollusca 

Glyeymerts subobsoleta F 

Oltivella baetica i 

Cyeloeardia erebricostata AE 

Tellina nuculotdes iT 
Arthropoda 

Oregonia gracilis f 

Crangon dallt al 

Hippolytidae I 


Comments: Red and green algae remains 
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APPENDIX TABLE I - TABLE XIX 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 20 
29,3 METERS - 8/11/76 - TIME 1635 


Taxon 


Relative Abundance _ 


Porifera 


Annelida 
Nerets sp. 


Mollusca 
Glyeymeris subobsoleta 
Humilarta kennerleyt 
Museulus dtscors 
Astarte rollandt 
Oltvella baettca 
Tellina nuculotdes 
Cyclocardta crebrtcostata 
Unident. gastropod 


Arthropoda 
Hippolytidae 
Pagurus sp. 
Gammaridae 


Echinodermata 
Strongylocentrotus droebachtensis 


Ectoprocta 
Flustrella gigantea 
encrusting 
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If 


Hw HHHQAAHHH Pe 


Hy 


APPENDIX I - TABLE XX 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 21 
27.5 METERS - 8/11/76 - TIME 0845 


Taxon Relative Abundance _ 


Porifera (many colonies of shell- N 
encrusting type. Also, a form of 
sponge resembling a "cactus"') 


Hydrozoa (by colony; both leafy and A 
dendroform) 


Annelida 
Phyllodocidae 
Nereidae 
Sabellidae 
Serpulidae 
Polynoidae 


HAH | 


Mollusca 
Hiatella arettea 
Nudibranchs (small) 
Pododesmus macrochisma 
Polyplacophora 
Glyeymerts subobsoleta 
Chlamys rubtda 
Cyelocardia crebricostata (dead) 
Humilarta kennerleyt (dead) 
Mya sp. (dead) 
Beringtus sp. (dead) 
Nucella ltamellosa (dead) 
Fusttrtton oregonensts (dead) 
Nattetdae sp. (dead) 


HHA HOHHHHRH AAR Ha 


Arthropoda 
Pycnogonida 
Balanus sp. 
Caprellidae 
Gammaridae 
Ischyroceridae 
Oregonta gractlts 
Caneer sp. 
Pagurus sp. 
Elassochirus tenutmanus 
Pandalus sp. (small) 
Sptrontocarts sp. (small) 
Seleroerangon boreas (small) 


WHAOQOBDAHHAPH AH 


> 


Ectoprocta (by colony) 
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APPENDIX I - TABLE XX 


CONTINUED 
Taxon Relative Abundance ~ 
Echinodermata 
Holothuroidea I 
Urochordata (by colony) N 


3 types, all compound ascidians 


Comments: Most shells were dead; 80% had been drilled. 
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APPENDIX I - TABLE XXI 


ADF&G OUTER KENAL PENINSULA, BOTTOM SKIMMER STATION 22 
27.5 METERS - 8/12/76 - TIME 0915 


Taxon Relative Abundance _ 


Cnidaria 
Hydrozoa (by colony) F 


Annelida 
Serpulidae 
Nereidae 
Sabellidae 


bes Be > 


Mollusca 
Margarites sp. 
Glycymerts subobsoleta (dead) 
Astarte sp. (dead) 
Humilarta kennerleyt (dead) 
Musculus dtscors 


HHP AH 


Arthropoda 
Gammaridea (5 species) 
Pagurus sp. (small) 
Pandalidae (small) 
Seleroerangon boreas 
Hyas lyratus 
Balanus sp. 


YHA! 


Echinodermata 
Holothuroidea (small) 
Ophiuroidea 
Strongylocentrotus droebachtensts 
Asteroidea 


HHdWa 


Z 


Urochordata (by colony) 
(2 types of compound ascidians) 


Comments: Substrate: ''Pea" gravel and smaller; no larger 
rocks. 
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APPENDIX I - TABLE XXII 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 23 
23.8 METERS - 8/12/76 - TIME 0940 


Taxon Relative Abundance 


Porifera C 
(5 species; 2 of which are encrusting) 


Cnidaria 
Hydrozoa (coral type and dendroform type) 


ies] 


Annelida 
Syllidae 
Nereidae 
Pectinariidae 
Polynoidae 
Serpulidae 


WHA H 


Mollusca 
Pododesmus macrochtsma 
Calltostoma sp. 
Fusttrtton oregonensts 
Beringius sp. 
Nucella lamellosa 
Musculus vernicosa (all very small, 
attached to kelp frond) 
Astarte montagut 


ZAwmAaHaq 


i 


Arthropoda 
Pandalus sp. 
Lebbeus groenlandicus 
Sptrontocarts sp. 
Eualus sp. 
Pagurus sp. 
Elassochtrus tenutmanus 
Pugettta gractlis 
Hyas lyratus (small) 
Oregonta gractlis 
Cancer sp. (small) 
Amphipoda (5 species) 
Balanus sp. 


PAHAAQAHAAH AHA 


| 


Ectoprocta (colony) 


Echinodermata 
Strongylocentrotus droebachiensts ii 
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APPENDIX I - TABLE XXII 


CONTINUED 


Taxon Relative Abundance 
Urochordata F 
(short, finger-like compound ascidian 


dark, grape-like Rhodosomatid, 
Chelyosoma sp.) 


Comments: High current area 
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APPENDIX I - TABLE XXIII 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 24 
20.1 METERS - 8/12/76 - TIME 1015 


Taxon Relative Abundance 


Porifera F 
(3 types; including shell encrusting form) 


Cnidaria 
Hydrozoa (by colony) N 
(2 types encrusting; 2 dendroform; 
1 leafy) 


Nemerteans aL 


Annelida 
Serpulidae 
Polynoidae 
Nereidae 
Syllidae 


mMHHOAa 


Mollusca 

Musculus verntcosa 
(many 1-2-3 yr. old Musculus) 

Nudibranchs (small) 
Pododesmus macrochtsma 
Calltostoma sp. 
Glycymerts subobsoleta (dead) 
Naticidae (dead) 


> 


HAHA eA 


Arthropoda 
Caprellidea 
Gammaridea 
Pagurus sp. 
Elassochtrus tenutmanus 
Cancer sp. 
Cryptolithodes sp. 
Pandalus sp. 
Pycnogonida 


HHHHHOPH 


Brachiopoda 
Ectoprocta (by colony) 


AY WH 


Echinodermata 
Ophiuroidea 
Asteroidea I 


Hi 


Urochordata (compound ascidian) I 
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APPENDIX I — TABLE XXIV 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 25 
27.5 METERS - 8/12/76 - TIME 1040 


Taxon Relative Abundance 
Porifera it 


Cnidaria 
Hydrozoa (by colonies) A 
("coral" like forms and leafy 
dendroform) 


Annelida 
Gattyana tphionellotdes 
Euphrostne sp. 
Sabellidae 
Serpulidae 


bel oon Be 


Mollusca 
Polyplacophora 
Velutinidae 
Pododesmus macrochisma 
(both minute and slightly larger) 
Nudibranchs 
Naticidae 
Pelecypoda (very small) 
Mya sp. (dead shell) 
Humtlarta kennerleyt (all small; dead) 
Cyclocardtia crebricostata (dead) 
Glyeymerts subobsoleta (dead) 
Musculus discors (dead) 
Oenopota (dead) 
"Fustnus" type (dead) 


oe | 


ZORA WH WH SH 


Arthropoda 
Isopoda 
Amphipoda (about 10 species) 
Caprellidae (one 9° brooding eggs) 
Ischyroceridae 
Gammaridae 
Pandalidae 
Paguridae (mostly small - up to 2 ecm long) 
Caneer sp. 
Atelecyclidae (post-megalops) 
Balanus sp. (mostly small, recently 

settled ones) 

Majidae 


He 


HH AHH AZO P Ay 
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APPENDIX I - TABLE XXIV 


CONTINUED 
Taxon Relative Abundance _ 
Ectoprocta (by colony) A 
Echinoderms 
Holothurians if 
Ophiuroidea N 
Urochordata N 
(6 types, including 2 types of compound 
ascidians) 
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APPENDIX I - TABLE XXV 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 26 
29.3 METERS - 8/12/76 - TIME 1115 


Taxon Relative Abundance _ 


Cnidaria 
Hydrozoa F 


Annelida 
Maldanidae F 
Polychaeta F 


Mollusca 
Cyclocardta crasstdens a 
Chlamys rubtda 
Kellta laperoustt I 


— 


Arthropoda 
Argts dentata 
Hyas lyratus 
Balanus sp. 
Seleroerangon boreas 
Oregonta gracilis 
Elassochirus tenutmanus 
Pagurus kennerlyt 
Pagurus sp. 
Eualus sp. 
Mysidacea 
Sptrontocarts lamellocornts 
Sptrontocarts prtonota 
Gammaridae 


> 9 a = > 


H 


Sipunculida 


Ectoprocta 
Flustra sp. F 


Echinodermata 
Ophtopholts aculeata I 
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APPENDIX I - TABLE XXVI 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 27 
20.1 METERS - 8/12/76 - TIME 1130 


Taxon Relative Abundance 


Porifera C 
(shell-encrusting type most frequent; 
2 other types) 


Cnidaria 

Hydrozoa (by colony) A 
Annelida 

Polynoidae (3 species) N 

Syllidae C 
Mollusca 

Nudibranch E 

Bathybembix sp. (dead) F 

Musculus discors IE 

Nucella lamellosa F 
Arthropoda 

Isopoda a 

Gammaridea (10 species) A 

Pagurus sp. F 

Elassochtrus tenutmanus I 

Pandatus sp. (small) N 

Lebbeus groenlandicus (small) C 

Argtis sp. i 

Balanus sp. (medium size) C 

Seleroerangon boreas I 
Ectoprocta (by colony) F 
Brachiopoda 

Terebratalta sp. I 
Echinodermata 

Ophtopholts aculeata Cc 

Strongylocentrotus droebachtensts ak 
Urochordata (compound tunicate) I 
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APPENDIX I - TABLE XXVITI 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 28 
40.3 METERS - 8/12/76 - TIME 1155 


Taxon Relative Abundance _ 
Porifera C 


(1 encrusting on Oregonta sp. 
2 "free living" forms 
1 shell-encrusting form) 


Cnidaria 
Hydrozoa (by colony) A 


Annelida 
Nereidae 
Polynoidae 
Sabellidae 
Syllidae 
Serpulidae 


Z2aoyWwazaa 


Mollusca 
Glyeymerts subobsoleta 
Chlamys rubtda 
Cltnoeardtum sp. 
Astarte sp. 
Fusitriton oregonensts 
Nucella lamellosa 
Polinteces sp. 


> Be | 


Arthropoda 
Pycnogonida 
Caprellidea 
Gammaridea (8 species) 
Pagurus spp. 
Elassochirus tenutmanus 
Caneer oregonensts 
Cancer magister 
Hyas lyratus (2? brooding small eggs) 
Oregonta gractlts 
Pandalidae (small) 
Pugettta gracilis 


FPRrPHAAHOAAyWAPrPAN 


Ectoprocta (by colony) 
(large, leafy, spongy textured form; 
3 other forms) 


Echinodermata 
Strongylocentrotus droebachtensts 
Crossaster papposus 
Asteroidea (others) 
Ophiuroidea 


QnA 
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APPENDIX I - TABLE XXVITI 


CONTINUED 
Taxon Relative Abundance © 
Urochordata (compound ascidians) F 
Comments: 2 stomachs examined from Anoplarchus sp. 


(Stichaeidae) 

6; 91 mm total length; 6 Salp-like Urochordates 

92; 74 mm total length; 2 types amphipods; 1 salp- 
like Urochordate; 1 Pagurus sp; 1 Musculus discors(?): 
1 snail, (c.f. Tachrynchus sp.); Remains of 2 
crustaceans. 


1 stomach from Anoplagonus inermts (Agonidae) 

6; 97 mm total length: contents - 1 crab megalops; 
1 Pagurus sp; 3 amphipods (Gammaridea) 2 Pandalid 
shrimp. 
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APPENDIX I - TABLE XXVIII 


ADF&G OUTER KENAI PENINSULA, BOTTOM SKIMMER STATION 29 
31.1 METERS - 8/12/76 - TIME 1230 


Taxon Relative Abundance _ 
Mollusca 
Tellina nuculotdes A 
Glyeymeris subobsoleta (dead) I 
Clinocardtum sp. (dead) I 
Creptdula sp. (dead) ag 
Cycloecardta cerebricostata (dead) I 
Beringius sp. (dead) 
Arthropoda 
Majidae if 
Pagurus sp. iE 
Echinodermata 
Ophiuroidea I 


Comments: Approximately 75% of substrate in sample composed 
of broken pieces of Mollusc Shells and Balanus 
sp. Shells. 
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APPENDIX I - 


TABLE XXIX 


PERCENTAGE COMPOSITION OF ALL PHYLA BY FAMILY FROM LOWER COOK INLET 


Taxonomic Name 


Porifera (unid. 
Hydrozoa (unid. 


Alcyonacea (Nephtheidae) 


Number of 
Organisms 
(count ) 


AS OBTAINED BY AGASSIZ TRAWL, APRIL 1976 


a) 


Pennatulacea (Virgulariidae) 2 
Pennatulacea (Pennalutidae) 1 


Actiniidae 18 
Polychaeta (unid. family) altalk 
Polynoidae 13 
Piscicolidae 1 
Mytilidae 2 
Pectinidae 62 
Astartidae 5 
Carditidae de? 
Cardiidae 49 
Mactridae 3 
Tellinidae if 
Hiatellidae i 
Trochidae 2 
Epitoniidae il 
Eulimidae 6 
Calyptraeidae 2 
Naticidae 40 
Cymatiidae LOY, 
Muricidae 5 
Thaididae 2 
Buccinidae 24 
Neptuneidae 278 
Volutomitridae 1 
Cancellariidae 3 
Tritoniidae 4 
Balanidae 16 
Amphipoda (unid. 4 
Ampeliscidae 4 
Corophiidae i: 
Phoxocephalidae Hl 
Caprellidae ile 
Pandalidae TA. 
Hippolytidae 14 
Crangonidae 216 
Paguridae shilal 
Lithodidae 11 
Majidae 2757 
Cancridae 2 
Pinnotheridae 2 


% Total Weight 
Count os 
0.0390 107 
0.0195 52 
0.0195 5 
0.0390 AES) 
0.0195 60 
0. 3508 387 
0.2144 8 
0. 2534 2A 
0.0195 2 
0.0390 40 
1.2083 857 
0.0974 Syl 
0.2339 81 
0.9550 TS 
0.0585 239 
0.0195 ii 
0.0195 1 
0.0390 10 
0.0195 1 
0.1169 il 
0.0390 il 
0.7796 694 
3.8394 4602 
0.0974 29 
0.0390 20 
0.4677 25)/ 
5.4180 9745 
0.0195 50 
0.0585 9 
0.0780 370 
OsS18 36 
0.0780 3 
0.0780 3 
0.0195 1 
0.0195 1 
OE ONES) il 

14.0518 6561 
OZ 729 89 
4.2097 4291 
6.0612 5091 
0.2144 30139 

Sa L2. 36055 
0.0390 50 
0.0390 4 


629 


A Lota: 
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g/m? 
Stations 


APPENDIX I - TABLE XXIX 


CONT INUED 
Number of 
Organisms % Total Weight % Total g/m? 

Taxonomic Name (count) “Count _\(s) Weight All Stations} 
Ectoprocta (unid. Family) 2 0. 0390 152 O05 1330 0.00433 
Membraniporidae i 0.0195 1 0.0009 0.00003 
Heteroporidae 1 0.0195 25 0.0219 0.00071 
Flustrellidae il 0.0195 10 0.0088 0.00028 
Dallinidae 20 0. 3898 1L3}5} (OAakalfoyi 0.00384 
Goniasteridae Ht 0.0195 70 0.0613 0.00199 
Porcellanasteridae 83 161676. IWAN 0.1059 0.00344 
Echinasteridae 5 0.0974 165 0.1444 0.00470 
Pterasteridae 4 0.0780 540 0.4726 OVMONSS 7, 
Solasteridae 8 0.1559 640 0.5601 0.01821 
Asteridae 39 0.7601 3623 SAL TAOKs) 0.10310 
Echinarachniidae 92 1. 7930 4080 355/105 OR TaGuale 
Strongylocentrotidae 34 0. 6626 1998 1.7485 0.05686 
Gorgonocephalidae 2 0.0390 128 0.1120 0.00364 
Ophiactidae 7 0.1364 2 0.0018 0.00006 
Ophiuridae 3 0.0585 7 0.0061 0.00020 
Cucumariidae 12 0.2339 1344 1.1762 0.03825 
Urochordata (unid. Family) 5 OL0947, = 245 0.2144 0.00697 

TOTAL 5131 114269 3.24931 
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APPENDIX I - TABLE XXX 


PERCENTAGE COMPOSITION OF ALL PHYLA BY FAMILY FROM LOWER COOK INLET 
AS OBTAINED BY AGASSIZ TRAWL, OCTOBER 1976 


Number of 


Organisms % Total Weight 4% Total g/m* 
Taxonomic Name (count) __—Count_ _—s_—(g)~—ss(CWWeight All Stations 
Actiniidae a 0.0318 2 0.0029 0.00010 
Polychaeta (unid. family) 2 0.0636 2. 0.0029 0.00010 
Polynoidae 12 0. 3814 7 0.0102 0.00034 
Nereidae i 0.0318 5 0.0073 0.00025 
Aphroditidae i} 0.0318 al 0.0015 0.00005 
Piscicolidae al 0.0318 2 0.0029 0.00010 
Pelecypoda (unid. family) i 0.0318 i 0.0015 0.00005 
Nuculidae 2. 0.0636 1 0.0015 0.00005 
Nuculanidae 2 0.0636 2 0.09029 0.00010 
Pectinidae ial 0. 3497 44 0.0641 0.00216 
Cardiidae 1 0.0318 aS 0.0219 0.00074 
Trochidae 8 On2543 4 0.0058 0.00020 
Buccinidae il 0.0318 30 0.0437 0.00147 
Neptuneidae 6 0.1907 935 136 3 0.04588 
Turridae 4 On t27al 3 0.0044 0.00015 
Dorididae 1 0.0318 a 0.0015 0.00005 
Dendronotidae 23 0.7311 1s} 0.0190 0.00064 
Pycnogonida (unid. Family) 8 O25 43 3 0.0044 0.00015 
Balanidae 3 0.0954 2a 0.0306 0.00103 
Mysidacea (unid Family) 3| 0.0954 1 0.0015 0.00005 
Mysidae al 0.0318 il 0.0015 0.00005 
Diastylidae 1 0503118 il 0.0015 0.00005 
Aegidae 1 0.0318 1 0.0015 0.00005 
Amphipoda (unid. Family) 10 053179 1 0.0015 0.00005 
Ampeliscidae 6 0.1907 i 0.0015 0.00005 
Corophiidae 5 0.1589 3} 0.0044 0.00015 
Lysianassidae 22 0.6993 18 0.0262 0.00088 
Oedicerotidae 2 0.0636 ll 0.0015 0.00005 
Caprellidae 1 0.0318 1 0.0015 0.00005 
Pandalidae 1588 50.4769 3251 4.7484 0.15981 
Hippolytidae 23 1.0490 29 0.0423 0.00142 
Crangonidae 220: 38.8112 1O27 164973 0.05039 
Paguridae 23 (0)5 7/shk 239 0.3484 0.01173 
Lithodidae 16 0.5086 51070 74.4547 2.50589 
Majidae 45 1.4304 11682 17 OSU. 0257321 
Goniasteridae 1 0.0318 50 0.0729 0.00245 
Porcellanasteridae 35 Hee 25 61 0.0889 0.00299 
Echinasteridae al 0.0318 3 0.0044 0.00015 
Strongylocentrotidae il 0.0318 1 0.0015 0.00005 
Amphiuridae it 0.0318 1 0.0015 0.00005 
Ophiuridae iky 0.5404 28 0.4080 0.00137 
Synaptidae a 0.0318 4 0.0058 0.00020 
Cucumariidae 21 0.6675 18 0.0262 0.00088 
Styelidae Oracl ON0308i5 tate al 0.0015 0.00005 
TOTAL 3146 68592 3.3656 


631 


VAS ISG 
GGG 
Chae E 
T0°O 
10°0O 
T0°O 
90°0O 
TO°O 
T0°O 
Vice 
B7°€ 
Te °O 
90°0 
617-0 
TO*O 
SO) 
TOO 
(EL (0) 
LESey, 
GG -O 
G7e9 
ye (LE) 
LSaSC 
EMUEG 
GELS 
69°6 
8S °8T 
T8°0 
07°8 
00°OOT 


‘(ay3Tan) 
wn TAU 
To 7% 


VL°8dé 
ESE 
VL°€ 
6¢2°O 
98°0 
7T"O 
6c °O 
VL*O 
7L°O 
€7°0 
VALS AE 
ATS, 
7L°O 
OC °? 
VL°O 
Gwar 
7L°O 
LS°0 
98°8 
6c °O 
00° 
00°CS 
00°77 
MEW) 
S6°08 
Oey, 
CS°6 
00°O 
00°0 
0O0°OOL 
(quno9) 
wn T Aud 
JO 7% 


960E1°O 
GLZ10°O 
00200 °0 
£0000 °0 
£0000 °0O 
£0000 *0 
8c000°0 
£0000 °0 
£0000 °0 
08900 °0 
YAVEWOL6) 
£ST00°0 
8c000°0 
0Sc200°O 
£0000°O 
8cc00°O 
£0000 °O 
G800G°0 
6€7C0°0 
7TLOO*O 
90000 °O 
09000 °O 
£2000 °O 
T6000 °0 
OTOTO*O 
TZTO0°O 
LZ£00°0O 
7TO000°0O 
87100 °0 
7000 "0 


suotjzeqs TLV 
zu/3 


G8eiL 0 
7070 °O 
cCCO°O 
£000 °0 
€000 *0 
€000°O 
£200 °O 
£000 °0 
£000 °0 
TE70°O 
6SS0°0 
6710°0O 
£700°0O 
61 TO°O 
£600 °0O 
91TC0°O 
£000 °0 
T700°0 
6L£S0 °0 
7S00°0 
G000°0O 
7LOO"OU 
£000 °0 
9800 °0O 
07720 °O 
c9TO*O 
TT€0°O 
7TO0"O 
O0L00°O 
cLOO0*O 


SUuOTIPEIS 
Q0UdAANIIO 
zu/3 


00°0 
100 
00°0 
00°0 
LEO 
75 ‘0 
c0°0 
T0°0 
80°0 
00°O 
L0°O 
00°U 
£00 
GLO 
70°0 
00°O 
700 
TO*0 
€0°0 
TE *O 
cU°0 
O.*O 
00°O 
S0*0 
60°0 
1YsToM 
TeIOL ¥ 


9/61 


C097 BE L6T SisUueUobado U041d71SNY 
877 7°0O 8I opizzod sa01u170g 
947 7°O eC vsnvn Oo vo14dDN 
a 0°O G DidduunuU Dynprdady 
il 20 9 ‘ds s1070g 
iE 0°0 iL unoLpuvjUueodib uniu0z1dy 
OT 0°O @ ‘ds x2iquaeqhyzog 
T 0°0 T 001400 071 E4D1Y 
il 0°O il DAADO1 DO DWOTY}| 
6£7 E20 ie puhulizod pynsidg 
0¢9 (6ul0) 8 sno1ipuvjueoib sadiiiasg 
GG c*0 97 unupons unipdDo2o0ut7y 9 
OT 0°O i 2277 049NU UNTpPAdOOUITO 
88 £70 val WNYDLILO UNDTPAvOOULT) 
I ORO il SUuapLssDia DIpdpoo7zahy 
O8 Z°O 1 psoo1dqzuea Dipapoc7zoahg 
T 0°O IE 2PULYITOd A7ADLSY 
Of iia) v7) SLSUBYSDID a4ADZ8Y 
LS8 CoE c9 pprqnd shwupz yo 
Ov G*O G SN7OLpOW Sn1OLpOp 
G 0°O if ‘ds p71 ]apqowo7zso7,oON 
iE (8) €L (sotoeds *ptun) oseproudtog 
8 7X0) Tal (setoeds *prun) ejeeyoAtog 
Ge 0°O T SLULODISSDAD D017 DAI], 
GSE (Sa(0) LY (setoeds *prun) oeprrurqoy 
09 0°0 i thoauinb snodpnso114d 
GTI 0°0O G aqiopdb v7nq.v7 hag 
G 0°O it stuiofiqns phyzydeung 
GS 0°0O i (Setoeds *ptun) eozorpdy 
Ze ONAL 0°O G (setoeds *ptun) ezeztTiog 
(8) sa gunog (qunoo) ore BULENT 
qysTOM TEAL 4 susTuesig DITWOUOXE], 


TladdV 


jo Joquny 


“IMVUL ZISSVOV AG GANIVLEO SV LAINI MOOD YAMOT WOUA SHLOAdS Ad VIAHd TIV dO NOILISOdNOD FOVINAOYdd 


IXXX HTEVL 


-— I XICNdddVv 


632 


T8°S 
GOS 
00°0 
00°O 
00°0 
00°0 
00°O 
00°0 
00°0O 
c0°O 
00°0O 
T0°O 
GORO 
80°C 
S0°O 
8c °O 
T0°0O 
67°O 
Lal 20 
6 “ES 
YL°O 
7T°O 
62°0O 
ee > al 
TEE 210) 
TIE *{0) 
LOgO 
90°0O 
T0°O 
€0°0O 
90°0 
GasTSA) 
un [Aug 
jo z 


OS ‘TI 
£6°S 
c0°0 
c0°0 
c0°0 
Z0°0 
SO0°0 
Z0°0 
OT‘O 
c0°O 
Z0°O 
ZL'O 
GGn9) 
L£S°0 
SiO 
7T"O 
7T°O 
vALa@ 
67 °0 
EVES 
VERO) 
6c °0 
val gO 
CGEE 
7T°O 
62 °0 
+7 0 
AL) 
7T°O 
7a a0 
7T°O 
(3un0d) 
un {Aud 
FOR G 


£O9ET*O 
77L70°0O 
€0000°0 
€0000°0 
£0000 °0 
€0000°O 
£0000°0 
£0000 °0 
60000 °0 
€7000 °0 
£0000 °0 
7L000°0 
£7000 °0 
€SOTO"O 
97000 °0 
cV100°0O 
€0000°0 
cV100 "0 
S8000°0 
1969¢°O 
[£000 °0O 
TZ000°0 
86£00 °0 
7L£906°0O 
£S000°0O 
£S000°0O 
90000°O 
82000 °0 
90000 °0 
7T000°0O 
8c2000°O 


suoT}eIS TIV 


zu/s 


78670 8I'y 
€777 "0 Gren 
€000°0 00°0 
€000°0 00°0 
€000°0 00°0O 
€000°0 00°0 
€000°0 00°0 
€000°0 00°0 
7000 °0 00°0 
T700°0 T0°O 
€000°0 06°0 
7100°0 00°0 
T700°0 TO"O 
000T “0 ZE°O 
Z100°0 100 
SETO*O 70°O 
€000°0 00°0 
SETO"O 70°O 
T?00°0 £0°0 
969720 62° 
8900°0 Z0°O 
8900°0 Z0°O 
8Z€0°0 ZL°O 
09T0°0 1Z°0 
»S00°0 Z0°O 
»S00°0 Z0°O 
6000 °0 00° 
LZ00°0 TO°O 
G000°0 00°0 
»T00°O 00°0 
LZ00°0 TO"O 
SuoT}eIS = 4STOM 
QDUGTANIIO Eeaon A 
zu/3 


C4 NNT 


IXXX HIAVL 


O8LV Lex6 
O99T [sy 
iT 0°O 
qi 0°O 
iE 0°O 
YE 0°O 
AE 0°O 
1 0°O 
€ L*O 
cl 0°O 
1s 0°O 
G LO 
GT 620 
OLE 30 
6 U0) 
OS 0°O 
L 0°O 
OS 0:10 
O€ 0°O 
L176 €°S 
Go 0°O 
GC 0°O 
OvL 0°O 
LET 7°O 
Oc 070 
OC 0°0O 
(6 0°O 
OL 0°O 
G 0°O 
G 0°O 
OL (Ole i0) 
(3) anoD 


ysTom TeIOL % 


LNOO 


- I XICGNdddV 


red tired red ON red OO) ON rt Nt ir OO SF ONG) rt Sete (GN iri 


a 


sniniuob snippund 
Si]pDadog sn] vpuvd 
(Sotoeds *ptun) oepttpTerdeg 
snyojnos snxoydoiazaH 
‘ds sn1u0yzowy 

tpunurpnb s27gGhg 

LD{NAtg vprosijzeduy 
pypydao0ueDu vostjaduy 
(setoeds *ptun) epodryduy 
SNUDLYeOY SsnUuDn 1 Dg 
snidedsey snun] pg 
LUDULLOQA SnNUD]v_ 

‘ds snup7 Dg 

SUDINSXLA VLUOFIAL 
thnoyznoa azaupy 
DUDYSD]D DAZLWOIN] Of 
tfftopuappiu snisdoznjoy 
pdipy snsnfornihg 
ttehory snsnf[1o171d 
pyoih? veungday 

277DY $n710g 

L1Ueepuatey sn7O7 
144001UUay Ssnibuldeg 
undtzoeqd umuroong 
7010076 wnutoong 

D807] eUb] DIZeONN 
$21707800147 nu UoYydodtzoatog 
snisp7 uoydoizoedog 
sno1fiovd uoydodzo0adog 
14apnzs uoydotzoetog 
SNYDAYZD] 9 Uuoydotzoadiog 


(qunod) — 


susTue3sig 
jo tequny 


DTWOUOXe I, 


633 


8°08 £9°99 
00°0 S0°0 
T0°0 Z0°0 
c0°0 z0°0 
91° 9€ ££ °S9 
96°S 860 
89°T 8S'T 
80°0 Z0°0 
€S°9E S20 
02 °0 9I'T 
T0°0 Z0°0 
SS°0 78° 0 
00°0 Z0°0 
eo %€°0 
00°0 Z0°0 
S0°0 ZZ'0 
71°Z 06°T 
TSO Syl 
16°0 09°T 
L0°0 L0°0 
Z0°0 S0°0 
€Z0 99°0 
S0°0 Z1°0 
68°Y en'y 
Z0°0 S0°0 
70°0 ST‘0 
00°0 Z0°0 
10°0 L0°0 
S00 OT" 
Z0°0 z0°0 
ETO 0£ "0 
Gustem) (unos) 
wntsyg = wnt Aud 
Jory Jo ¥ 


€£€700°O €0L[0°O 
TTOO0 *O TTOO°O 
8c000 "0 £7200 °0 
7TLO0°O LTCO*O 
70L78 "0 £976°O 
8S6ET"O 600 °0 
T76€0°O 8970°0O 
T6T00°O T8T0°O 
GL£SS8°0 VEC AE 
02£700°0 671T0°0O 
7€000 "0 ct 00°0 
T8c10°O S070°0 
£0000 °O £000 °0O 
€L070°0 7E6L*O 
£€0000°0 £000 °0O 
8c1L00°O T900 °0O 
600S0°0 68TL°O 
Sotlo"O 8ZLE0°O 
6cTc0°O S0S0°O 
¢9TO0°O £STO°O 
TSO00°0O 7700 °0 
67S00°0 T9720 °O 
7TLOO*O 8010 °0 
LSUETSO 97TT"O 
07000°0 9L00°0O 
SOTOO*O 0S00°0 
90000 °0 S000 *O 
872000 °0 7100 °O 
YTTOO"O 80T0°0O 
£7000 °0 T700°O 
ZOE00 “0 €V710°O 
SUOTIEIS TLV SUOTIEIS 
zu/3 QIUITAINIIO 
zu/3 


€T"O 
00°0 
10°0 
70°0 
GO°9Z 
62° 
aa 
90°0 
E79Z 
YL°O 
T0°O 
L7°0 
00°0 
Goi1 
00° 
70° 
9S°T 
LE°O 
$9 °0 
S0°O 
Z0°0 
LT°0 
40°O 
zS*€ 
T0 ‘0 
€0°O 
00°0 
100 
70°O 
T0°O 
60°0 
~ ysTom 
TePIOL Z a! 


GS 
7 

OT 
Ov 
S9L62 
S064 
S8El 
L9 
TLOOE 
GOT 
GE 
OVS 
T 
EERE 
T 

Gy 
O9LT 
Oct 
8vL 
8S 
81 
col 
Ov 
9C20¥ 
VAL 
Le 

c 

OL 
Ov 
ST 
901 


° ° ° ee . ° ° . ° ° ° ° . 


NOHKHHOHONHNOHMHHNOMORGCANCNDROCCSC 
SSOSCCOCOCOONOOCOOHnHHHOOoOCoOCoOoO OH oOHoOSGSosc 


(3) qun0D 


ystom TRIOL % 


GHNNITLNOO 


IXXX FTEVL 


- I XICNdddV 


G97 


susTuesi9 
jo rzaquny 


(aunod) 


(Setoeds *prun) e3901d030q 
81] DJUapLoe00 DxLLUUIg 
sisuau0baio La0ung 
daqsibpu waouvg 

Lpdtog saqzeoeou01y) 
snyoihy? sphy 

S1710DaB D1UOCbadg 
LIASUASSOUSOM SEPOYZ217 OULYY 
po1qoyosyumoa Sapoy4t]vdbdg 
sueosapuajzds sniiyoop1qn7T 
27126 snityoossny7 4 
SNUDUINUGY SNILYOOSSD1q 
sniteyoouobh1u4, sninbog 
snsobpifuoo sninbog 
snupbuideg sninBbog 
LAjdauuey sninbog 
8nqp111dvo sninbog 
sno1qznayD sninbog 
sisuaezoyoo snainbog 

‘ds snanbog 

psspio sibiy 

oypiuep sibuy 

stunuuoa uobupnig 

1110p uobunay 

‘ds uobundg 

Lpuesumo, sn7 ony 

‘ds snq7 ong 

porpupjua0uB snaqqeT 
S1UL001170UD] SitpooqUod1ds 
apdsip sisdo]ppung 
snzoursdhy snzopung 


OUeN 
DTWOUOXR], 


634 


00°00T 00°*00T 
LS*OT yT't 
90°0 €0°T 
z0°O Tit7ia G 
OE 69°0 
TLL AROTMS 
80 °ZE CEIUG 
9€°Y 7€£°0 
CLEC 69°OT 
87°0 LOC 
CeO) visa) 
CEaT 7€E°0 
LG'T LO2G 
Set: 7 "0 
Gc°Y Sean 
Oe 'T CL°T 
C6°0 79°87 
Ss*0 7E°0 
CELE 00*O€ 
£9°99 00°OL 
ZE“S 0°0 
O€ *€T 00°0 
€S°0 Seeue 
‘(qaszeny Gunosy 
wnt Aud wun Aud 
JO % JO % 


Te677°€ 


£6900 °0 
S78E0°0 
072000°0 
90000 °0 
79€00°0O 
989S0°0 


SEES) 
6ZS10°0 
68S80°0 
OOTOO*O 
€7000°0O 
972900 °0 
69S00°0 
97900 °O 
LESTO*O 
0L700°0O 
77€00°0 
66100°0 
8c 100°O 
9¢¢00°0 
87000 °0 
TL000°O 
£0006 °0 


zu/3 


SuOTIeIS TIV 


T1220 °O 1c°0 
9T8T°O 8T°T 
6000°0O TU*O 
€000°0 00°O 
€ZLTO°O ES 
0060 °0 GL°T 
EGO SE LG°E 
OOST*O 67°O 
6£02 °O0 79°C 
Z700°0 £0°0O 
T700°0 T0°O 
S6S0°0 61 °O 
OL70°0 8Ll°O 
G6S0°0 6.°O 
6S71°O L?7°O 
€770°O 7L°O 
6010 °O IL°*O 
68T0°O 90°O 
T900°0 70°0O 
cclO’*O 80°O 
L700 °O TO°O 
7€00°0O c0*O 
€000 °O 00°O 
SUOTIEIS 2y3TOM 
VOIUPIAINIIO TeIoL 7 
zu/s 


IXXX WIaVL — 


69cVIL TETS 
Sv T*0 S 
YEAS c°0 cL 

is LO t 

c T*O L 

8cl 0°0 G 
866L L°O0 ups 
0807 Stal C6 
SSS 0°0 T 
8LOE 9°0O LE 

Ge iiseQ) 9 

ST 0°0 u 

Occ 0°O iL 

00¢ 1B) 9 

Occ 0°0 L 

OVS T°0 y) 

SOL TO S 

Tcl OF. €8 

OL 0°O i 

SY 220 ’) 

06 €°O vAE 

OL 0°0 T 

Gc 0°0 I 

T 0°O T 
~(8) juno) (qunos) 
qy3TOM TeqioL %Y sustuesig 

jo Jequny 
GHNNILNOO 
I XIGNdddVv 


TVLOL 


(SseTtoeds *pfun) eqepzoyooiy 
‘ds p1apunong 
1tsaps pin1ydo 

p4veynov s1zoydo1ydo 
thava snipydeoou0bioy 
s1sualyovgeoip 
$nqod7,Uuec07] hbuod4g 
Diuipd snluyoodivu1yoy 
SLSUBULUDU SD1AOYSDYZET 
s1avjod spite zsp0ydaT 
‘ds spluaqsv4ideT 
111 @YOSOU SDIMLSDAY 
LuosMmpp 1a78D7 05 
snsoddpod dtanspssodg 
81] Dedo0g dazspssod) 
8N4D1a8se4 ceysDdeqd 
‘ds p1o1iuey 
snzodsiio snos1poue4.) 
sno1uobyypd tazsouniag 
psdaasudd. 01] D7 dDAGadaL 
snuviudofizpa snanbvT 
‘ds 077ad48N14 
‘ds niodote,eH 
‘ds viodiupiquey 


oTWOUOXe 


635 


00°0 £0°0 $0000 “0 €000°0 00°O T 0°O I pyzoysnbnp p7eUuL00y 
00°0O £0°O S0000 *0 €000°0 00°O T 0°0 T pyvzuap1q s27hiqsv1g 
00°0 €0°0O GO0U00 *0 €000°0 00°0O il 0°O iL 4q1ysMmoghip sishwoy.upoy 
00°0O OL‘*O G0000°0 S000 °0O 00°0O T T*O € (setoeds *ptun) eooepTsAy 
T0°O €0°0O 67000 °0 £700°0 TO*O OL 0°0 T snidedsey snun7 Dg 
c0°O LOGO 7G000°0 0¢200°O c0°0 qe iin) vA ‘ds snup7 0g 
00°O00T O00°OOT GT000 “0 €000°O 00°0O € 620 8 (setoeds ‘prun) epfuosoulskg 
WGA CELE 79000°0O cL00°O c0°0 SIE 150) EC (seftoeds *pfun) sept oucapusag 
OL*O HES) ¢0000°0 S000°0 00 *O T 0°O i (sefoeds *prun) oepTptas0g 
OT*O CGes $0000 "0 £000 °0O 00 °O iE T°0 G ‘ds vyaqedodg 
OE 0) Oka S0000°0 €000°0 00°O i 0°0O iE papssnoaep vzodouag 
OT*O EA S00G0°0 €£000°0 00°0O i 0°O I 114400LUUAY D117 LIpoanng 
70°68 CERS €8S70°0 CICLO hea 7€6 Ga) G puoihy veunzdey 
OL*0O LES) G0000 *0 €000°0 00°0O T 0°O T ‘ds snjog 
NEG Lyell £7100°0O T800°O 70°O Of 0°0O T unZoUstUD unUuLoong 
OL*O LOT S0000°0 £000 °0 00°0O T 0°0O T SLAVPLO DLAYYOSLT 
6L°O 00°OL ULOOU*U £000 °0 00 °O G c°G 9 DSOOLADA DI 7ALADI OS 
OL*O [ESE IL GO0U0 *O £000 °0 00 °0 iL 0°0 T 81104800 Saq1dDvbany 
vet Leal 7L000°0 1700 °0O c0°O ST 0°0 a snotpupjueodb sadidias 
8e°O O0O°SL 02000*0 TLO0°U T0°O uy) eg) 6 quospiapp unissnupedodd 
lichats GGaee 96100°0 80L0°O 90°0 Ov PO G ppiqni shunqyg 
OT*O ESN S0000°0 S000 °0 00°0O iE 0°O T StuMofeDpoDdy, DLP] OK 
OL*O EVA ¢0000°0 ¢000°0 00°O T 0°O T pssof pupynony 
OT*O GGa6 S0000°0 S000 °0O 00°0O T it@ G sinuey DynNoOnL 
OL*O (SNe Is ¢0000°0 €000°0 00°O i 0°O i (setoeds *ptun) epoddédsetog 
TEE 88°S 01000 °0 000 °0 00°O G 0°0 ni ‘ds p77Japqowozso7.o0VN 
88°C 88°S ¢0000°0 €000°0 00°0O T 0°0 it vozuodnl vytpoaydy 
TYP EXG B8°S $7000 °0 7L00°O TO*O S 0°0O i "ds stacey 
Say 6S°OL 7€000 *0 6000 °0 T0°O L 7°0 GD (setoeds *prun) seproudTog 
MEE Oeeaalt O0T000°0O 7000°O 00°0 G T*O G (setoeds *ptun) eBjeeyoATog 
OO0°*OOT O0°OOL OTO000*O G000°0 00°O G 0°O E (setoeds *prTun) eepTTurqoy 
(au8Team) (unos) suotzeqg TIV  suoTieis— qyq3TOM (3) Juno) ~ (qunod) — OWEN 

un TAUg wn Aug zu/3 Qo0UITANIIGO eetony 2Y3TOM mes Onn 7 sustTuesi9 DTWOUOXR], 

jo % OMS zu/s jo atoquNYN 


92461 YHdOLOO 
‘IMVUL ZISSVOV AG GANIVLEO SV LAINI MOOD YHMOT WONA SALOddS AG VIAHd TIV SO NOTLISOdNOD AOVINAOYAd 


IIXXX HIAVL - I XIGNHddVv 


636 


Ts8°T 
G9 8 
T‘O€ 
VELLT 
TO°0O 
00 *O 
G8o9L 
TOO 
10°0O 
T0°O 
LZ°0 
S0°0 
L0°0O 
70°0 
c7°0 
76°0 
80°0 
TO"0O 
£0°0 
z0°0 
98°0 
88°E 
00°0 
00°0 
00°0 
TO°0O 
z0°O 
00°0O 
00°0O 
00°0 
‘(243T9a) 
un Aud 
JO % 


SCaa 
LORY, 
8° 
Ly 
£0°O 
€0°O 
VAS 40} 
€0°O 
€0°O 
€0°O 
VAS) AG} 
£0°O 
YAO AE 
(ES) AO) 
76°9C 
Ga Ci 
T6°0O 
0c *0 
Shoe) 
LEZO 
€6°6 
78°CV 
£0°0 
L0°O 
L0°O 
VAS 10) 
7€°0 
(DEO) 
0¢2°O 
ve °O 


(3unod) 
un{ Aug 


5O % 


ST000°0 
66200 °0 
S700 °O 
T6cLS°0 
$¢2000°0 
G0000°0 
68S0S °C 
¢c000°0 
67000 *0 
¢¢c000°0 
€0600°O 
cL100°0 
$7700 °0 
8T100°0O 
SSSTO"O 
IZTE0"O 
€6000°O 
67000 *0 
¢7700°0 
7L000°0 
9S820°0 
LO8cT*0 
$0000 °0 
S0000°0 
S0000°O 
6c000°0 
7S000°0 
§ T000°O 
$0000 °0O 
¢0000°0 


suoTq®3§ TLV 


zu/s 


8000°0 00°0O ie 
c800°0 60°O 19 
Set0"O £0°O OS 
S0£9°O cO°Lt QLOLT 
7100°O TOO S 
S000°0 00°O I 
€S8L°6 SY 7L OLOTS 
£¢00°0O T0°0 G 
7S00°0 TO*O OT 
7LO00°O TO0°O S 
G9TO0*O EGA) 781 
8810°O S0°O Ge 
S700 °0 L0°0 OS 
97200 °0 70°O UG 
G7720°0O 97°0 LTE 
T670°O €6°0O 9€9 
7€00°0 £0°O 6L 
7S00°0O TO*O OL 
7S00°0 £0°O OS 
T700°0 c0°O SI 
6290°0 $8°0 c8S 
EDALSO ESE OL9C 
¢000°0 00°0 T 
£000 °O 00°O ue 
€000°0O 00°O - 
8000°0 T0°O 9 
STOO*U cO*O IRE 
€000°O 00°O ‘3 
£000 °O 00°O il 
S000 °0O 00°0O i 
suot }eqs 7YUSTOM (8) 
QOUITANDIIO LeaoL: 7 IYy38t IM 
zu/s 
CHANTLNOO 


° e ° . ° ° ° ° ° . ° ° ° 


SeogoepooooScoasodcad = NOHOSOSCCOOCOCGH OHS 
N 
~~ 
\O 
m~ 


CALLAN Or) (O00 ST). SIN CV FE 1) 00 © © WOOO Ol ©: 4 O43 O4-1 i 


OL 


(junod) 
susTue3sig 
jo Aequny 


uno) 
TPIOL Z 


ITIXXX HITdVL - I AIdVL XIGNYddVv 


‘ds p101AuU0q 

snqpvdsiio snosipoueZ) 
8NYD11048 deTspumiag 
ipdipg sa}ze02e0U01Y) 
snyzoah7z sphy 

81]210DuB v1uobadg 
DOLADYOSZUMO SePOY41] DADA 
SNUDULNUGZ SNLLYOOSSYT A 
thiqdieuuey sninbpog 
snzb171dvo sninbog 
sno1jneyD sninbog 
s1suazoyoo snainbog 
pypyuep sibay 

pu1sad uobunig 

stunuuoa uobundig 

1170p uobundg 

thazyons snj7nony 
S1UL0017] 1 eu] ~S1tp20ZuU0dI Ads 
apdsip s1sdojvpung 
snzoursdhy sn. opund 
sniniuob sn. ppuvg 

817] Ded0q sn] vpUunq 
(setoeds *ptun) septT[eadeg 
LAOULEZ SAapO]TNOOUOH 
unzouoe unatoedapidey] 
apbnu xhuouy 

‘ds xhuouy 

2110f snzuoyzyo.dy 

aD] nNitlg vp2rosizeduy 
(setoeds *ptun) epodtyduy 


Oue N 
ITWOUOXEY, 


637 


00°00T 
78° OT 
19°Z 
00°ST 
09°0 
OZ'T 
09°0 
09°0 

(ay8Ten) 


wn TAUd 
JO % 


9G9E°E 
00 °OOT ¢0000°0 
76°97 88000°0 
82°T 0c000°0 
T7°9 €c100°O 
GB°e G0000°0 
uA e1EE OTO00*O 
8e'T $0000 °0 
82° T G0000 "0 
(junod) suoTje83S TLV 
wn{ Aug zu/3 

5° % 


c6S89 OV TE TVLOL 
€000°0 00°0O i 0°0O ai (setoeds *ptun) veprptesqs 
6700 °0 £0°O 8I L£°0O EG ‘ds piapunong 
TI00°O TO°O v7 0°0 t oeptadeuds 
8900 °0 70°0 SZ Z°O G qisaps pan2rydo 
£000 °0 00°0O t T°0O € pyzuvond4ey Di1uedo1rydg 
£000 °0 00°0O CG €°O 6 byquvovsip viuado1ydo 
€000°0 00°0 T 0°0O il punzebnd sizoyd1yduy 
sisualyovogeodp 
£000 °O 00°0 T 0°O iE snq1odquao07 hbuod.g 
SUOTIEIS JySsTom (3) Juno; (qunod) oueN 
QoueTANI|D() TeIoL ¥ IYy3TOM TeIoL ¢¥ susTue3sig OTWOUOXRY, 
zu/s jo Jequny 
CHNNILNOO 


IIXX WIGVL - I XICGNaddV 


638 


APPENDIX I - TABLE XXXIIT 


OCCURRENCE OF TAXA IN SIX LOWER COOK INLET STATIONS 


AS OBTAINED BY TRY-NET, APRIL 1976 


Taxonomic Names Represent Lowest Level of Identification 


Taxonomic Name 


Porifera (unid. species) 
Hydrozoa (unid. species) 
Polynoidae (unid. species) 
Nueulana fossa 
Glyeymeris subobsoleta 
Modtolus modtolus 
Peeten caurinus 
Cyclocardta sp. 
Clinocardium sp. 
Serripes groenlandicus 
Macoma sp. 

Macoma calearea 

Tellina nuculotdes 
Polinices pallida 
Fusttriton oregonensts 
Nucella lamellosa 
Buectnum pleetrum 
Neptunea lyrata 

Balanus rostratus 
Pandalus sp. 

Pandalus borealis 
Pandalus gonturus 
Pandalus hypstnotus 
Lebbeus groenlandtea 
Eualus tounsendt 
Crangon dalit 

Crangon communts 
Scelerocrangon boreas 
Argts dentata 

Argts crassa 

Pagurus ochotensts 
Pagurus aleuttcus 
Pagurus capillatus 
Pagurus kennerlyt 
Elassochtrus tenutmanus 
Labidochtrus splendescens 
Paralithodes camtschattea 
Oregonta gractlis 

Hyas lyratus 
Chtonoecetes bairdt 
Chorilta lLongipes 
Cancer oregonensts 


% of all! 
Cumulative 
Stations 


Cumulative 
Stations 
Occurrence 


1.190 
1590 
2.381 
1.190 
12:90 
1.190 
1.190 
1190 
151190 
2.381 
1.190 
1.190 
1.190 
1.190 
5.952 
1.190 
1.190 
Sq vill 
1.190 
12190 
1290 
5.952 
S55) 
1.190 
1.190 
7.143 
1.190 
2.381 
4.762 
1.190 
4.762 
1.190 
4,762 
1.190 
Be Syl: 
1.190 
1. £90 
2230 
2.381 
7.143 
ie 90 
12190 
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Occurrence _ 


% of all? 
Stations 


16.667 
16.667 
332993 
16.667 
16.667 
16.667 
16.667 
16.667 
16.667 
33.333 
16.667 
16.667 
16.667 
16.667 
33.333 
16.667 
16.667 
50.000 
16.667 
16.667 
16.667 
83.333 
50.000 
16.667 
16.667 
100.000 
16.667 
332333 
66.667 
16.667 
66.667 
16.667 
66.667 
16.667 
50.000 
16.667 
16.667 
332333 
333933 
100.000 
16.667 
16.667 


APPENDIX I - TABLE XXXIII 


CONTINUED 
% of all! 
Cumulative Cumulative 
Stations Stations % of all? 
Taxonomic Name Occurrence Occurrence Stations 
Ectoprocta (unid. species) 2 Wey Stolk 385935 
Henrtcta sp. il 1.190 16.667 
Urochordata (unid. species) il 1.190 16.667 
TOTAL 84 


___ Cumulative station occurrence 
Total cumulative station occurrence 


Cumulative station occurrence 


Total number of stations occupied 


640 


APPENDIX I - TABLE XXXIV 


OCCURRENCE OF TAXA IN 16 LOWER COOK INLET STATIONS AS OBTAINED 
BY EASTERN OTTER TRAWL, OCTOBER 1976 


Taxonomic Names Represent Lowest Level of Identification 


Zcote alle 
Cumulative Cumulative 
Stations Stations Lote allele 
uerconoule Name 2 Lce 2.  Oceurrence. 4 Occurrence ys) Stabiouss 
Porifera (unid. species) 8 3.960 50.000 
Hydrozoa (unid. species) il 0.495 6.250 
Pttlosareus gurneyt 1 0.495 6.250 
Actiniidae (unid. species) 7 3.465 43.750 
Tealta crasstecornts 1 0.495 6.250 
Polychaeta (unid. species) 1 0.495 6.250 
Polynoidae (unid. species) 7 3.465 43.750 
Nerets sp. 2 0.990 12.500 
Chlamys rubida 2 0.990 1221500 
Serrtpes groenlanditcus 3 1.485 18.750 
Htatella arctica a 0.495 6.250 
Fusttrtton oregonensts 6 29/0 37.750 
Nucella lamellosa 2 0.990 12.500 
Beringtus kenntcottt 1 0.495 6.250 
Neptunea lyrata als) 7.426 43.750 
Dorididae (unid. species) 1 0.495 6.250 
Balanus sp. 7 3.465 43.750 
Balanus balanus 2 0.990 12.500 
Balanus hespertus 5 DoT) 31.250 
Balanus rostratus 3 1.485 18.750 
Pandalus borealis 5 2e47D 31.250 
Pandalus gonturus 1 0.495 6.250 
Pandalus hypstnotus it 0.495 6.250 
Lebbeus groenlandica 4 1.980 25.000 
Crangon dallt 11 5.446 68.750 
Argts dentata 4 1.980 25.000 
Argts crassa aL 0.495 6.250 
Pagurus ochotensis iN 5.446 68.750 
Pagurus aleuticus 3 1.485 18.750 
Pagurus captllatus 9 4.455 56.250 
Pagurus kennerlyt il 0:.495 6.250 
Pagurus beringanus iL 0.495 6.250 
Elassochirus tenuimanus 2 0.990 12.500 
Elassochirus cavimanus aL 0.495 6.250 
Paraltthodes camtschatica 8 3.960 50.000 
Oregonta gractlts 2 0.990 12.500 
Hyas lyratus 4 1.980 25.000 
Chionoecetes batrdt 16 8.416 100.000 
Cancer magtster 2 1.485 18.750 
Cancer oregonensts 1 0.495 . 6.250 
Ectoprocta (unid. species) 2 0.990 12.500 
Aleyonidium sp. 3 1.485 18.750 
Flustrella sp. 3 1.485 18.750 
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APPENDIX I — TABLE XXXIV 


CONTINUED 
ioe all 
Cumulative Cumulative 
Stations Stations A ores nla 
Taxonomic Name _ Occurrence Occurrence Stations © 
Terebratalia transversa 1 0.495 6.250 
Ceramaster patagontcus 1 0.495 6.250 
Pteraster tesselatus il 0.495 6.250 
Crossaster papposus al 0.495 6.250 
Evastertas troschelit 5 Pay hs) 31.250 
Leptastertas polaris 6 2.976 37.500 
Lethasterias sp. 1 0.495 6.250 
Lethastertas nantmensis 4 1.980 25.000 
Strongylocentrotus droebachtensis 3 1.485 18.750 
Strongylocentrotus francitscanus u 0.495 6.250 
Cucumarta sp. ~& 1.980 25.000 
TOTAL 202 100 


Cumulative station occurrence ad 
Total cumulative station occurrence 


2 Cumulative station occurrence 
Total number of stations occupied 
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APPENDIX I - TABLE XXXV 


PERCENTAGE COMPOSITION OF ALL PHYLA BY FAMILY FROM LOWER COOK INLET 
AS OBTAINED BY EASTERN OTTER TRAWL, OCTOBER 1976 


Number of 
Organisms % Total Weight % Total g/m 
Taxonomic Name (count) Count (g) Weight All Stations 
Porifera (unid. family) 245 3.3793 20046 2.2230 0.06795 
Hydrozoa (unid. family) 1 0.0138 200 0.0222 0.00068 
Pennatulacea (Pennatulidae) 8 0.1103 2270 0.2517 0.00770 
Actiniidae 39 0.5379 11819 1.3107 0.04006 
Polychaeta (unid. family) 12 0.1655 20 0.0022 0.00007 
Polynoidae 40 0.5517 96 0.0106 0.00033 
Nereidae 3 0.0414 12 0.0013 0.00004 
Pectinidae 38 0.5241 15431 ne alae 0.05231 
Cardiidae 25 0. 3448 2418 0.2683 0.00820 
Hiatellidae 1 0.0138 iL 0.0001 0.00000 
Cymatiidae 20 0.2759 964 0.1069 0.00327 
Thaididae 818 11.2828 4136 0.4587 0.01402 
Neptuneidae 720 9.9310 128580 14.2588 0.43587 
Dorididae 1 0.0138 40 0.0044 0.00014 
Balanidae 314 4.3310 7418 0.8226 0.02515 
Pandalidae 477 6.5793 1984 0.2200 0.00673 
Hippolytidae 6 0.0828 53 0.0059 0.00018 
Crangonidae 709 9.7793 2853 0.3165 0.00967 
Paguridae 304 4.1931 6658 0.7383 0.02257 
Lithodidae 67 0.9241 33497 3.7146 0.11355 
Majidae 3010 41.5172 512918 56.8797 1.73873 
Cancridae 15 0. 2069 5770 0.6399 0.01956 
Ectoprocta (unid. Family) 2 0.0276 2) 0.6002 0.00001 
Alcyonidiidae 9 0.1241 865 0.0959 0.00293 
Flustrellidae 3 0.0414 325 0.0360 0.00110 
Dallinidae 1 0.0138 1 0.0001 0.00000 
Goniasteridae ak 0.0138 70 0.0078 0.00024 
Pterasteridae i 0.0138 40 0.0044 0.00014 
Solasteridae 1 0.0138 30 0.0033 0.00010 
Asteridae 93 1.2828 40438 4.4843 0.13708 
Strongylocentrotidae 31 0.4276 3473 0.3851 0.01177 
Cucumariidae =235 3.2414 99332 11.0153 0.33672 
TOTAL 7250 901760 3.0569 
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APPENDIX II. 


BIOLOGY OF SIX SELECTED SPECIES OF CLAMS (NUCULA TENUIS, 
NUCULANA FOSSA, MACOMA CALCAREA, TELLINA NUCULOIDES, GLYCYMERIS 
SUBOBSOLETA, SPISULA POLYNYMA) FROM LOWER COOK INLET 


Howard M. Feder, Judy McDonald, A. J. Paul, 
and Phyllis Shoemaker 


Institute of Marine Science 


University of Alaska 
Fairbanks, Alaska 99701 
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INTRODUCTION 


Bivalve molluscs are a widely distributed and important component 
of the lower Cook Inlet subtidal benthic system. Seventy-six species of 
bivalves were collected on the OCSEAP-sponsored cruises discussed in the 
body of this report, and both deposit-feeding and suspension-feeding 
species are represented in the collections. Each of the modes of feeding 
(i.e., deposit or suspension) used by bivalve molluscs is susceptible to 
contamination by oil fractions in polluted waters. Suspension feeders 
take up oil fractions from particulate material in the water column (i.e., 
contaminated small organisms, fecal pellets, general debris, sediment, and 
oil droplets). Deposit feeders are subject to contamination through the 
sediment-detrital materials that they process in the course of their feeding 
activities. Varying amounts of petroleum hydrocarbons will be accumulated 
in bivalve tissues in polluted waters, and the measurable quantities of 
hydrocarbons in these tissues should reflect the level of pollution in the 
water column and/or the sediment. Such tissue contamination is detectable 
by suitable analytical techniques (e.g. see Shaw, 1977). However, tissue 
contamination should also be detectable by a continuing field program 
designed to monitor clam condition (see Westley, 1961 for condition index 
measurement technique), and, in fact, a decrease in clam condition has 
been noted for the clam Macoma balthica maintained in oil-contaminated 
laboratory tanks at the Seward Marine Laboratory (A. J. Paul, personal 
communication). Furthermore, clams in Alaskan waters deposit annual rings 
of shell growth and many species can be readily aged and their growth 
histories determined by the measurements of these annual rings (Feder 
and Paul, 1974; Feder et al., 1976; Paul and Feder, 1973; Nickerson, 1975). 
These growth history data can be used to detect abnormal growth resulting 
from environmental alteration. Assessment of the growth histories and 
examination of growth curves of six species of subtidal clams from lower 
Cook Inlet (Nucula tenuis, Nuculana fossa, Macoma calearea, Tellina 
nuculotdes, Glycymerts subobsoleta, Sptsula polynyma) serve as bases for 
comprehending shell growth patterns in years free of major oil contamina- 
tion. The distribution of these six species of clams is also shown in 


Figures included in this Appendix. 
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Bivalve molluscs represent a rather important food source for the snow 
crab (Chtonoecetes bairdt), king crab (Paralithodes camtschatica), and some 
bottom fishes (rock sole; Leptdopsetta bilineata; flathead soles; Hippo- 
glossotdes elassodon; starry flounder; Platichthys stellatus). Oil con- 
tamination of clams could be reflected by a reduction in the number and/or 
loss of these important prey species. Furthermore, based on known trophic 
interactions in lower Cook Inlet (Feder, 1977), contamination of many 
trophic components, via clams, is probable once intensive oil production 
is initiated. Ingestion of oil-contaminated molluscs could ultimately 
result in a broad spectrum of biochemical and behavioral changes in preda- 
tor species (see Malins, 1977 for a general discussion on the effect of 
oil on predators). 

This Appendix is a compilation of distributional, age, growth, and 
mortality data from the six subtidal species of clams noted above, and 
serves as a data base for growth-mortality studies currently underway in 


lower Cook Inlet. 


METHODS 

The samples were collected in lower Cook Inlet in April and October 
1976 mainly with a 0.1 ni van Veen grab, and pipe dredge (36 x 91 cm) on the 
R/V Moana Wave and NOAA Ship Miller Freeman. Occasionally, clams were 
obtained with a trawl or clam dredge. A try-net was used to collect empty 
shells of Sptsula polynyma. Alaska Department of Fish and Game, Homer 
Office, supplied samples of fresh, frozen S. polynyma from four Cook Inlet 
(Kachemak Bay) stations sampled with an anchor dredge.’ Grab and pipe 
dredge samples were washed on a 1 x 1 mm mesh screen, and bivalve species 
were separated from other benthic organisms. The screen retained all but 
recently settled clams. 

Six relatively abundant species - Nucula tenuts, Nuculana fossa, 
Glycymeris subobsoleta, Spisula polynyma, Macoma calearea and Tellina 
nuculotdes - were selected for detailed study. Some of the clams 
collected could not be aged due to their damaged condition. Not all 


stations were used in the clam aging studies; however, all stations at 


ISee Alaska Department of Fish and Game, Homer, for station locations. 
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which a species was collected are included in the distribution maps. 

All clams used for aging were pooled, i.e. clams from all sampling 

gear and all collection dates. Aging was accomplished by the annular 
method (Weymouth, 1923) using a Nikon dissection microscope with a 2x 
lens. Annuli, a series of closely spaced concentric growth rings, are 
the result of slow growth at low winter temperatures (Paul and Feder, 
1973). .The term 0 age group refers to individuals of the settling year 
class that have undergone one growing season (5 to 6 months) before 
forming their first winter annulus. Thus, individuals referred to as 

1 year of age are actually 17 or 18 months old, and have lived through 
two growing seasons. The O annulus was not measured, except on 0 age 
clams, because of abrasion of the umbo on most of the older shells. 

Two types of measurements were made on all clams: total shell length 

(in millimeters) of each specimen and length (in millimeters) at each 
annulus. Growth history tables were generated from the measurements of 
length at each annulus. The last annulus on all specimens in the collec- 
tion was formed in the winter of 1975-1976, and length values for this 
annulus were assigned to the year 1976 in growth-history tables. Selected 
growth history tables for each clam species are included in this report. 

Age-structure tables were generated; only stations with 10 or more 
specimens of a given species are included in individual station tables. 
In addition, tables are presented that include a summary of age-structure 
for each species from all stations where it was collected. 

All data were processed by a Honeywell 66/40 computer. To test the 
accuracy of the annular method, a one-way analysis of variance (Snedecor, 
1956) was applied to the data for each species. Mean shell length, range, 
standard deviation, and standard error of the mean (Hubbs and Hubbs, 1953) 
were plotted to show the relationship between shell length and age. The 
horizontal line in the latter plot is the mean, the vertical line is the 
range, the white box is the standard deviation, and the black box the 
standard error of the mean. The standard error of the mean and the 
standard deviation are not shown for age classes with a sample size of 


five or less. 
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RESULTS 


Nucula tenuts 

Two hundred and two Wucula tenuis were aged. The collection loca- 
tions are listed in Table I and shown in Figure 1. The annual increase 
in shell length for each of the size classes was typically 0.6 to 1.0 m. 
Growth rates were similar at all stations, and varied only slightly from 
year to year (Figs. 2-4). The calculated F ratio indicates that age 
classes, as defined by shell lengths, are statistically distinguishable 
(a=0.01; Table II). The integrity of the age classes is further illus- 
trated in Figures 5 and 6 where it can be observed that none of the 
standard errors of the mean overlap (Hubbs and Hubbs, 1953). The majority 
of the 202 specimens examined were between O and 4 years of age. However, 
differential recruitment and mortality at the eleven stations sampled 
resulted in a variable age composition in the collections (Tables III- 
VIII). For example, 89% of the W. tenuts from Station 28 were between 
O and 2 years of age while 100% of the clams from Station 49 were between 
2 and 4 years of age. Calculations using the age structure tables (Tables 
III-VIII) indicate that extensive mortality occurred after 4 years of age 
(96% of the clams were from 0 to 4 years of age). The oldest and largest 
N. tenuts collected were 7 years of age and 9.7 mm in length, respectively. 
The growth data are summarized in Tables III-VIII and Figures 2-6. 

The mean shell length at any given annular age, from 1970 to 1976, 
showed some variation (Figs. 2-4), but at any given age the size fell 
within 1 mm of the standard deviations calculated for each age class 


(Tables III-VIII). 


Nueulana fossa 

Six hundred and three Nuculana fossa were aged. The collection 
locations are listed in Table I and shown in Figure 7. The annual in- 
crease in shell length for each of the size classes in Cook Inlet was 
typically 1 to 3 mm. Growth rates were similar at all stations, and 
varied only slightly from year to year (Figs. 8-11). The calculated F 
ratio indicates that age classes, as defined by shell lengths, are statis- 


tically distinguishable (a=0.01; Table IT). 


Text continued on page 229 
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Cook Inlet 
Station 28. 
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Figure 5. 
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Growth curve 
for Nucula 
tenuis from 
eleven sta- 
tions in Cook 
Inlet. 


TABLE II 


ONE-WAY ANALYSIS OF VARIANCE OF SHELL LENGTH FOR THE ANNULAR AGE CLASSES 
OF SIX SPECIES OF BIVALVE MOLLUSCS FROM LOWER COOK INLET 


Significant 
Source of Degrees of Difference 
Species Variation Freedom Mean Square F Ratio (P = 0.01) 
Nucula Sample means ib 419.526 
tenuts individuals 200 0.105 3,901. 749 Yes 
Nuculana Sample means 1 10, 782.465 
fossa individuals 601 AL AWAD) 9),1625..123 Yes 
Glycymerts Sample means il 15, 840.503 
subobsoleta individuals 876 0.603 26,249.800 Yes 
Sptsula Sample means a BY27/ 55 Ufo Alfess) 
polynyma individuals 554 25.223, | 2058995578 Yes 
Macoma Sample means 1 ily biG steval 
calearea individuals 518 0.381 36,698,482 Yes 
Telltna Sample means il 5D Dol 457 
nuculotdes individuals 670 2.114 2,640.185 Yes 
TABLE III 


AGE STRUCTURE OF NUCULA TENUIS FROM ELEVEN LOWER COOK INLET STATIONS (16, 18, 27 
285 335 3/5 39, 49, 535, 545 and#62A)) (See) Tables Poand Filcan)) 


N = Number of Clams; ML = Mean Length of Clams; SD = Standard deviation; 
SEM = Standard Error of the Mean; R = Range 
Year Class N ML SD SEM R 
(Age of Clams) (mm) (mm) (mm) (mm) 
0 30 IES Oru 0.04 I ay—ab Gs ) 
dl a) Pegs} Os) 0.07 = 2) 
2 44 B}G3) 0.3 0.08 21-358 
3 34 4.3 OS 0.12 Bier =the 
4 30 Dae 0.4 OG IES) 4,6-6.0 
5 7 6.2 OF 2 OR Zak Di O— Ole D 
6 0) = -- -— == 
7 Zz 8 0.5 102 9.0-9.7 
Total = 202 
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TABLE IV 


AGE STRUCTURE OF WUCULA TENUIS FROM LOWER COOK INLET STATION 18. 


N = Number of Clams; ML = Mean Length of Clams; SD = Standard Deviation; 
SEM = Standard Error of the Mean; R = Range 


Mi ce ivear Clase: oo N a ME an oi, SD pe SEM a Ridley pisos 

(Age of clams) (mm) (mm) (mm) (mm) 

0 0 * ae ze ue 

1 0 ie = es ze 

2 3 35 0.3 0.37 3.3-3.8 

3 9 4,2 0.4 0.27 3.7-4.9 

4 4 Bigat 0.4 0.50 41 Dial 

Total = 16 
TABLE V 


AGE STRUCTURE OF NUCULA TENUIS FROM LOWER COOK INLET STATION 28. 


N = Number of Clams; ML = Mean Length of Clams; SD = Standard Deviation; 
SEM = Standard Error of the Mean; R = Range 


Year Class N ML SD SEM R 
(age of clams) (mm) (mm) (mm) (mm) 
0 30 ILS 7/ Oct 0.04 1.5-1.9 
1 By Paes \ 0.3 0.07 1 9=258 
2 26 353 O53 Ona 2.9-3.8 
3 8 Aid 0.3 0.22 3.8-4.8 
4 4 610 ONS 0.39 5.3-6.0 
5 1 62:3 0.0 0.00 633 
Total = 121 
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TABLE VI 


AGE STRUCTURE OF NUCULA TENUIS FROM LOWER COOK INLET STATION 33. 


N = Number of Clams; ML = Mean Length of Clams; SD = Standard Deviation 
SEM = Standard Error of the Mean; R = Range 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 0 oe ae = ao 
qi 1 29 (50) 0.00 We) 
2, 5 3.4 0.3 On29 3.1-3.7 
iS 4 4.1 0.3 0.41 3.8-4.5 
4 2 5.4 0.6 L3H 5.0-5.9 

Total = 12 
TABLE VII 


AGE STRUCTURE OF WUCULA TENUIS FROM LOWER COOK INLET STATION 49. 


N = Number of Clams; ML = Mean Length of Clams; SD = Standard Deviation; 


SEM = Standard Error of the Mean; R = Range 
Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -— -- —— 
iL 0 -- -- -- = 
2 5 6155} OFZ 0.24 BIS 0 
3 7 aS Ons O27, 4.0-4.8 
4 10 Diez. O23 0.22 4.7-5.8 

Total = 22 
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TABLE VIII 


AGE STRUCTURE OF NUCULA TENUIS FROM LOWER COOK INLET STATION 53. 


N = Number of Clams; ML = Mean Length of Clams; SD = Standard Deviation; 
SEM = Standard Error of the Mean; R = Range 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 0 ts te i ae 
1 0 a Bu we ae 
2, 1 3.4 0.0 0.00 Set 
3 3 4.4 ORS 0.47 4.2-4.8 
4 5 Se74 0.6 0.58 4.6-5.8 
5} 1 6.1 0.0 0.00 6.1 

Total = 10 
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Figure 7. Distribution map of all Nuculana fossa from Cook Inlet stations. 
The shaded region represents the tract selection area. 
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Growth history of 
Nuculana fossa from 
Cook Inlet Station 37. 


Figure 10. Growth history of 
Nuculana fossa from 
Cook Inlet Station 28. 
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The integrity of the age classes is further illustrated in Figures 
12-15 where it can be observed that none of the standard errors of the 
mean overlap (Hubbs and Hubbs, 1953). The majority of the 603 specimens 
examined were between O and 6 years of age. However, differential re- 
cruitment and mortality between the eight stations sampled resulted in 
a variable age composition in the collections (Tables IX-XII). For 
example, 93% of the VW. fossa from Station 6 were between 3 and 6 years 
of age, while 67% of the clams from station 28 were in the O age class. 
Calculations using the age structure tables (Tables IX-XII) indicate 
that extensive mortality occurred after 6 years of age (99% of the clams 
were between O and 6 years of age). The oldest and largest W. fossa 
collected were 7 years of age and 19.5 mm in length, respectively. The 
growth data are summarized in Tables XII-XV and Figures 8-15. 

The mean shell length at any given annular age, from 1970 to 1976, 
showed some variation (Fig. 8-11), but at any given age the size typically 
(94 of the 97 mean annual lengths, Fig. 8-11) fell within 1 mm of the 


standard deviations calculated for each age class (Tables IX-XIT). 


Glyeymeris subobsoleta 

Eight hundred and seventy-eight Glycymeris subobsoleta were aged. The 
collection locations are listed in Table I and shown in Figure 16. The 
annual increase in shell length for each of the size classes in Cook Inlet 
was typically 1 to 3 mm. Growth rates were similar for all stations, and 
varied only slightly from year to year (Figs. 17-23). The calculated F 
ratios indicates that age classes, as defined by shell lengths, are sta- 
tistically distinguishable (a=0.01; Table II). The integrity of the age 
classes is further illustrated in Figures 24-26 where it can be observed 
that none of the standard errors of the mean overlap (Hubbs and Hubbs, 
1953). The majority of the 878 specimens examined were between 0 and 4 
years of age. However, differential recruitment and mortality between 
the ten stations sampled resulted in a variable age composition in the 
collections (Tables XIII-XIX). For example, stations 30, 42 and 44 had 
very few clams in the 0, 1 and 2 year classes, while station 28 had a 
predominance of O and 1 year old clams. Calculations using the age 


structure tables (Tables XIII-XIX) show that extensive mortality occurs 


Text continued on page 249 
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Figure 12. Growth curve for Nuculana fossa from eight Cook Inlet stations. 
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Figure 13. WNuculana fossa from Cook Inlet Station 6. 
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Figure 14. WNuculana fossa from Cook Inlet Station 235 
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Nuculana fossa from Cook Inlet Station 37. 
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TABLE IX 


AGE STRUCTURE OF NUCULANA FOSSA FROM THE EIGHT LOWER COOK INLET STATIONS (5, 6, 27, 
28, 33, 37, 49, 54) WHERE THE CLAMS WERE COLLECTED (SEE FIG. 15). 


N = Number of Clams; ML = Mean Length of Clams; SD = Standard Deviation; 
SEM = Standard Error of the Mean; R = Range 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) ‘ 
0 119 2 silt OF3 0.05 Srl 
1 67 She? Oe; Oee7, 26-565 
2: 97 6.7 0.8 0.16 4.7-8.1 
3 88 9.0 0.9 0.19 Tk al — dD 
4 60 10.9 0.9 0.23 9.0-12.8 
b) 106 12.9 On 0.13 1 3 = 1150 
6 60 14.0 0.8 0.20 12.4-15.7 
7 6 16.2 9 5 14.5-19.5 
Total = 603 
TABLE X 


AGE STRUCTURE OF WUCULANA FOSSA FROM LOWER COOK INLET, STATION 6. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

pen) en Ap erot re lans) Sa 2) esa) (mm) (mm) (mm) 

0 0) -- -- -- -- 

iL 0 -- -- -- -- 

2 TAL 6.2 0.8 0.52 NE foal? 

3 34 9.0 0.8 Oz27. Teh LOR: 

4 39 10.8 0.8 0.25 9.6-12.6 

5 ITE 28 0.6 Oatbs} 1 0 

6 48 13.8 OR7 0.20 12',4-15.1 

7 3 14.9 0.6 0.88 14.5-15.6 

Total = 212 
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TABLE XI 


AGE STRUCTURE OF WUCULANA FOSSA FROM LOWER COOK INLET, STATION 28. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
. 0 119 De! One 0.05 rigseaesiea 
1 32 3/6 0.8 0.28 20 1D) 
2 11 ys, 7/ OR9 O59 Dg vinis 
3 12 Hed 0.8 O50 Veli a7 
4 3 a5) (ORS) On7S 9.0-10.0 
5 2 12 5 14 Dail 11.3-12.9 
Total = 179 
TABLE XII 


AGE STRUCTURE OF WUCULANA FOSSA FROM LOWER COOK INLET, STATION 37. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 0 = -- -- -- 
i 26 36 0.6 OR 25 Pleo ate} 
2 73 6.7 0.8 0.18 &,.8- 8.1 
3 34 953 0.8 O27, SOS Nie 
4 18 11.4 0.6 0.30 10.0-12.8 
5 26 13.4 0.8 0.33 11.6-14.7 
6 12 15.0 0.6 ON37 a0 AUS y/ 
7 2 18.3 lates SreilhZ 17 OSORS 

Total = 191 


TABLE XIII 


AGE STRUCTURE OF GLYCYMERIS SUBOBSOLETA FROM LOWER COOK INLET, THE TEN STATIONS 
(M, UW2, 28, 29, 30, 40A, 42, 44, 45, and 63) WHERE THE CLAMS WERE 
COLLECTED (Fig. 16). 


N = Number of Clams. ML = Mean Length of Clams. SD = Standard Deviation. 
SEM = Standard Error of the Mean. R = Range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 128 Delt 0.4 0.07 i Soya 
1 475 36 0.5 0.04 2.2- 4.9 
2 92 5.10 0.7 0.14 4.0- 6.5 
3 45 8.3 0.8 0:23 iaek> Sh5 7) 
4 65 10.8 0.8 0.20 9.5=1253 
5 26 1356 (Oo) 0.37 12.0=1 5556 
6 16 16.3 IF 2 0.64. 13.8-18.6 
7 8 18.4 1.4 109 L7 242 
8 14 198 avec O280. 2117 19=2253 
9 6 Pals} iby Tedd 20.2=23 29) 
10 2 26.0 0.6 1.24 25.6-26.5 
11 al 27.0 0.0 0.00 PFA) 
Total = 878 
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TABLE XIV 


AGE STRUCTURE OF GLYCYMERIS SUBOBSOLETA FROM LOWER COOK INLET, STATION 28. 


N = Number of Clams. ML = Mean Length of Clams. SD = Standard Deviation. 
SEM = Standard Error of the Mean. R = Range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0) 123 Zeeslb 0.4 0.07 ES Saou, 
1 430 3.6 Ox 0.05 2.2 -4.9 
2 2 ype 0.4 0.83 48 = 95/59 
Total = 555 
TABLE XV 


AGE STRUCTURE OF GLYCYMERIS SUBOBSOLETA FROM LOWER COOK INLET, STATION 29. 


N = number of clams. ML = mean length of clams. SD = standard deviation. SEM = 
standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
3 3 SD) 0.3 0.44 8ol= 8.7 
4 1 10.9 0.0 0.00 LOe9 
5) 2 ee ney Shs oul 12.0-14.4 
6 5 1625 Iba dy 15.4-18.3 
7 3 ORS 1 0.85 1859-202 
8 4 ORS 0.8 Of95 19.2-20.9 
) 2 22°50 0.6 1.24 21.6-22.4 
10 2. 26.0 0.6 i, 24 25.6-26.5 


Total = 22 
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Figure 16. Distribution map of all Glycymerts subobsoleta from Cook Inlet 


stations. The shaded region represents the tract selection 
area. 
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Figure 17. Growth history of Glycymerts subobsoleta from 
ten Cook Inlet stations. 
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Figure 21. Growth history of Glycymerts 
subobsoleta from Cook Inlet 
Station 40A. 
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Figure 22. Growth history of 
Glyeymerts subobsoleta 
from Cook Inlet Sta- 
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Station 44 (Cook Inlet) Glycymeris subobsoleta 
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Figure 23. Growth history of Glycymerts subobsoleta from Cook 


Inlet Station 44. 
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Figure 24. 
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Growth curve for Glycymeris subobsoleta from ten Cook Inlet 


stations. 
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Figure 25. 


4 
AGE IN YEARS 


Growth curve for Glycymerts subobsoleta from Cook Inlet Station 
28. 
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Figure 26. 
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Growth curve for Glycymeris subobsoleta from Cook Inlet Station 
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TABLE XVI 


AGE STRUCTURE OF GLYCYMERIS SUBOBSOLETA FROM LOWER COOK INLET, STATION 30. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 0 == =e = a 
1 0 = ae <u = 
2 2 255) 0.6 24 4.8- 5.7 
3 10 8.7 0.3 On 8o2— 09 
4 11 10.6 0.6 0239 10.0-12.0 
5) iL dD? 0.0 0.00 22 

Total = 24 
TABLE XVII 


AGE STRUCTURE OF GLYCYMERIS SUBOBSOLETA FROM LOWER COOK INLET, STATION 4OA. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
.SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 4 720) Orr 0.24 2.4- 2.8 
i 42 S}5 (0) 0.4 Ona2 2.9= 4.2 
2 84 4.9 0.7 ORS 4.0- 6.5 
3 eZ 7.6 0.9 0.56 653= 952 
4 9 ORS 0.5 0.36 9.6-11.2 
5) iL IAG 0.0 0.00 We 

Total’ = #152 
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TABLE XVIII 


AGE STRUCTURE OF GLYCYMERIS SUBOBSOLETA FROM LOWER COOK INLET, STATION 42. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -- -- -- 
ifs ill 4.1 0.0 0.00 4.1 
2 4 5.9 0.4 0.48 5.4- 6.3 
3 13 8.6 0.8 0.48 5h 2s 7) 
4 2 10.9 0.9 0.43 9.5-12.3 
5 10 1379 0.9 0.62 12.8-15.6 
6 4 16.2 0.6 0.71 15.5-16.7 
7 2 17.5 0.6 1.24 17.1-18.0 
8 1 22:0 0.0 0.00 227.0 
Total = 56 
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TABLE XIX 


AGE STRUCTURE OF GLYCYMERIS SUBOBSOLETA FROM LOWER COOK INLET, STATION 44. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 0 ea oe = ue 
1 0 = = = ee 
2 0 ay a =f = 
3 6 8.2 O79 0.83 7.1- 9.4 
4 20 10.9 OS 0.43 9.6-12.2 
5 11 IS JaS) 0.8 OfD2 12.6-15.0 
6 5 16.8 2: 1,24 15.6-18.6 
7 5} IFAS) 0.4 0.58 17.1-17.8 
8 7 20.0 4 IbG alts} 18.0-22.3 
9 4 Daley) 6 9a 20). 2=23 7, 
10 0 -- -- -- -- 
ier i 2500) 0.0 0.00 2550 
Total = 57 
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after 4 years of age. Ninety-two percent of the samples were in the 
O to 4 year classes. The oldest and largest G. subobsoleta collected 
were 11 years of age and 27.0 mm in length, respectively. The growth 
data are summarized in Tables XIII-XIX and Figures 17-26. 

The mean shell length at any given annular age, from 1966 to 1976, 
showed some variation (Figs. 17-23), but at any given age the size 
typically (235 of the 239 mean annular lengths, Figs. 17-23) fell within 
1 mm of the standard deviations calculated for each age class (Tables 


XIII-XIX). 


Sptsula polynyma 

Five hundred and fifty-six Sptsula polynyma were aged. The collec- 
tion locations are listed in Table I and shown in Figure 27 (excluding DG 
stations). Of the specimens over 30 mm in length, five were fresh-frozen 
specimens provided by the Alaska Department of Fish and Game and 74 were 
empty shells from otter trawls. The sampling gear used in the present 
survey did not adequately sample all size classes of S. polynyma. There- 
fore, observations on the biology of this clam were restricted to age and 
growth. The annual increase in shell length for various size classes in 
Cook Inlet was typically 5 to 9 mm, which is slightly less than the 6 to 
11 mm reported by Feder et al. (1976) for Prince William Sound. Growth 
was similar at all stations, and varied only slightly from year to year 
for age groups 0 through 4 (Figs. 28-31). The calculated F ratio indi- 
cates that age classes, as defined by shell lengths are statistically 
distinguishable (a=0.01; Table II). The integrity of the age classes is 
further illustrated in Figures 32-35 where it can be observed that none 
of the standard errors of the mean overlap (Hubbs and Hubbs, 1953). Be- 
yond 4 years of age, samples sizes were small and comparisons could not 
be made. The majority of the 556 specimens examined were between 1 and 
4 years of age. The oldest clams were 16 years of age at a variety of 
sizes; the largest clam was 128 mm in length and 13 years of age. The 
growth data are summarized in Tables XX-XXIII and Figures 28-35. 

The growth histories for the mean shell lengths at annuli 1 through 3 
(Figs. 28-31) were similar, only 11 out of 126 mean annular lengths ex- 


ceeded the standard deviations included in Tables XX-XXIII by more than 
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TABLE XX 


AGE STRUCTURE OF SPISULA POLYNYMA FROM LOWER COOK INLET FROM SEVEN STATIONS 
(OMe at. 42. DG 12: DG 2, DG 3, and’ DG 4). (See Table | and) Fig. 27) 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 1 5 0 0 5 
1 128 10 eZ 0.2 5- 12 
2 naly/ 15 Die. 0.4 11- 20 
3 175 2a Hapa 0.3 16- 27 
4 56 26 Diao 0.6 20- 30 
5 1* 38 0 0 38 
6 1* 43 0 0 43 
7 0 22 oe ad sa 
8 1* 82 0 0 82 
9 3x 80 See) 7.0 73- 84 
10 5* 92 6.6 6.1 82- 99 
11 16* 98 Bgl 2.6 90-107 
ily, 16% 107 5.3 Qult 96-113 
13 14* 112 133 4.0 100-128 
14 14* 114 4.0 Died: 107-120 
15 4x 120 652 6.4 112-127 
16 4x 118 4.0 2.0 114-123 
Total = 556 


cee ee a 


1 p@ station locations can be obtained from ADF&G, Homer, Alaska. 


* Empty shells 
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TABLE XXI 


AGE STRUCTURE OF SPISULA POLYNYMA FROM LOWER COOK INLET, STATION 41. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -- -- -- 
i 4 9 IEaRs) Is) Ab lk 
D2 Zit 15 2.9 ibgat dale AL) 
3 108 22 HS 0.3 Ve) 27, 
4 56 26 Zee 0.6 20= 30 
5 1* 38 0 0 38 
6 1* 43 0) 0 43 
7 0 -- -- -- -- 
8 1* 82 0 0 82 
s) 3% 80 aig Hao) 73- 84 
10 5% 92 6.6 Gre Sya= SKS) 
IE 14% OW, 4.3 2.4 90-106 
12 8* 106 Did Bae) Jo=is 
13 2% 103 Shy) Tas 100-105 
14 3% 2 31.0 312.6 INO }o aS) 
Total = 227 


* Empty shells. 
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TABLE XXII 


AGE STRUCTURE OF SPISULA POLYNYMA FROM LOWER COOK INLET (DG 1). 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
R 


SEM = standard error of the mean. = range. 
Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- == == a= 
i 6 10 0.5 0.4 HOSE as 
2 70 16 6 0.4 2 220 
3 56 19 a7: 0.4 16> 24 
4 0 -- -- -- -- 
5 0 -- -- -- -- 
6 0 -- -- -- -- 
7 0) == -- == == 
8 0 == == == == 
9 0 -- == == == 
10 0 == == == = 
ILA 0 -- == = = 
12 0 == aa rae == 
3 1 122 0 0 122 
14 =) 17 4,2 8.8 114-120 
Total = 135 
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TABLE XXIII 


AGE STRUCTURE OF SPISULA POLYNYMA FROM LOWER COOK INLET (DG 2). 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


wear Class.) Ney, ML it |. ©SD° lM ae SEMoen ean Ry anne 

(Age of clams) (mm) (mm) (mm) (mm) 
0 1 5 0 0 5) 

1 85 10 el: On2 5-12 

2 DD: 14 20 eal: 12-19 

3 ) I ASS 0.9 17-21 

4 0 =: de = ee 

5 0 a oe “2 ue 

6 0 ae = ae = 

7 0 as = ae ze 

8 0 as ave = ne 

9 0 2 ae = 28 

10 0 = = = = 

i 0 _ se = ae 

12 0 -- -- — == 

iS if a3 0 0 113 

14 0) -- -- -- -- 

15 0 = =e = = 

16 a 23 0 0 23 

Total = 119 
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1mm. Sixty-eight percent of the mean shell lengths for annulus 4 
(Figs. 28-31) exceeded the standard deviations by more than 1 mm. No 
live S. polynyma older than 4 years of age occurred in the samples 


(Table XX). 


Macoma calearea 

Five hundred and twenty Macoma calearea were aged. The collection 
locations are listed in Table I and shown in Figure 36. The annual in- 
creases in shell length for each of the size classes in Cook Inlet was 
typically 1.3 to 2.7 mm. Growth was similar at all stations, and varied 
only slightly from year to year (Figs. 37-42). The calculated F ratio 
indicates that age classes, as defined by shell lengths, are statistically 
distinguishable (a=0.01; Table II). The integrity of the age classes is 
further illustrated in Figures 43-46 where it can be observed that none 
of the standard errors of the mean overlap (Hubbs and Hubbs, 1953). The 
majority of the 520 specimens examined were between 0 and 5 years of age. 
However, differential recruitment and mortality between the thirteen 
stations sampled resulted in a variable age composition in the collections 
(Tables XXIV-XXXII). For example, 90% of the M@. calcarea from Station 28 
were in the 0 year class, while 79% of the clams from Station 53 were 
between 3 and 5 years of age. Calculations using the age structure 
tables (Tables XXIV-XXXII) indicate that extensive mortality occurred 
after 5 years of age (94% of the clams were between 0 and 5 years of 
age). The oldest and largest . calearea collected was 14 years of age 
and 31.4 mm in length, respectively. The growth data are summarized in 
Tables XXIV-XXXII and Figures 37-46. 

The mean shell length of any given annular age, from 1963 to 1976, 
showed some variation (Figs. 37-42), but of any given age the size 
typically (294 of the 300 mean annular lengths, Figs. 37-42) fell within 
1 mm of ie standard deviations calculated for each age class (Tables 


XXIV-XXXII). 


Text continued on page 27/7 
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Figure 36. Distribution map of all Macoma calearea from Cook Inlet stations. 
The shaded portion represents the tract selection area. 
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TABLE XXIV 
AGE STRUCTURE OF MACOMA CALCAREA FROM THIRTEEN LOWER COOK INLET STATIONS 
(C, 18, 25, 27, 28, 32, 33, 35, 37, 39, 49, 53, and 54) (See Table I and Fig. 36). 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 

0 318 58) 0.3 0.03 1.0- 2.6 
ul 29 3.4 0.7 0.28 2.6- 4.8 
2 15 5.3 0.5 0.25 4.6- 6.1 
3 49 7.4 0.7 ORL9 6.1- 8.7 
4 49 9.2 0.9 0.26 Tso ll2 
b) 27 BSS) 4.7 1.89 9.9-16.2 
6 9 14.3 0.8 0.59 13.0-15.4 
7 3 16.9 AES) 1385 15.5-17.9 
8 2 18.2 17 3.50 17.0-19.4 
9 4 20.1 0.8 0.94 19.4-21.2 
10 4 22.4 0.4 0.46 22.0-22.8 
11 4 24.2 1.2 147 23.3-26.0 
12 3 26.7 13 1.85 23. f=2 8a 

13 3 28.3 0.8 1A} 27.7-29.2 
14 1 31.4 0.0 0.00 31.4 

Total = 520 
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TABLE XXV 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 18. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -- -- -- 
il 3 4.2 O37 0.95 3.5- 4.8 
72, iL 6.0 0.0 0.00 6.0 
3 8 Tis, (0) 525) 0.38 7.3- 8.7 
4 5 a7 0.9 0.91 8.9-11.2 
5 3 23 133 192 11.6-13.1 
6 2 14.8 0.1 0.29 14.7-14.9 

Total = 22 
TABLE XXVI 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 27. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 ae ok ae pa 
1 4.3 0.3 0.39 36.9 G7 
2 5.0 0.3 0.34 4.8- 5.4 
3 10 Toil 5 7/ 0.47 6.0- 8.6 
4 18 8.6 0.7 0.34 7.5-10.2 
5 3 113 1.6 2.37 10.7-12.5 
6 0 -- -- -- == 
if 0 -- -- -- ate 
8 0 -- -- -- -~ 
9 1 19.4 0.0 00 19.4 
10 1 22.8 0.0 0.00 22.8 
ial 1 23165 0.0 0.00 23.5 
Total = 42 
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TABLE XXVIT 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 28. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 317 1.9 0.3 0.03 1.0- 2.6 
1 15 29 0.3 0.16 2.6- 3.6 
2 2 5.4 0.4 0.73 5.1- 5.6 
3 7 Uo? 0.8 0.70 6.1- 8.3 
4 7 9.6 0.7 0.62 8.5-10.4 
5 3 12.6 Soe 8.36 9.9-16.2 
6 0 -- -- -- == 
7 1 15.5 0.0 0.00 15.5 

Total = 352 


TABLE XXVIII 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 33. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -- -- -- 
1 S472 0.5 0.77 2,8- 3.8 
2 2 5.6 0.4 0.73 5.4- 5.9 
3 10 Yee 0.6 0.39 6.2- 7.9 
4 8 9.0 0.8 0.63 8.0-10.1 
5 5 12 1.2 1.20 11.2-13.1 
6 0 -- -- -- -- 
7 0 -- -- -- -- 
8 1 19.4 0.0 0.00 19.4 

Total = 29 
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TABLE XXIX 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 35. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -- -- -- 
iL 0 -- -- -- -- 
2 i Be) 0.0 0.00 A) 
3 0 -- -- -- -- 
4 5 10.3 0.4 0.46 939=LOR9 
5 2 1223 0.5 1203) U2 0=12.55 
6 Z ls yeal (}.,al Oats) 16s} (0 ls }oaL 
Total = 10 
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TABLE XXX 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 39. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 1 ley) 0.0 0.00 is) 
1 4 Sid) 0.7 0.88 Srl 4i8 
2. 1 D. 0.0 0.00 ay) 
3 4 Th 0.6 0.74 6.6- 8.0 
4 1 10.7 0.0 0.00 HORT 
5 5 Wilie:9 Daesall Dele ealOR Saisie 
6 2 14.8 O59 dese) We wpaléfy Salas sch 
7 2 7 icef 0.4 On Sieoclifene ile 
8 0) -- -- -- -- 
9 ib 2D 0.0 0.00 Dale. 
10 il D Dead OO 0.00 22s 
11 i 26.0 0.0 0.00 26.0 
12 aE Disveal 0.0 0.00 28.1 
13 0 -- -- -- == 
14 ul 31.4 0.0 0.00 31.4 
Total = 25 


TABLE XXXI 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 49, 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -- -- -- 
1 0 -- -- -- -- 
2 0 -- -- -- -- 
3) 2 Taal: 0.6 iS sul 6.6- 7.5 
4 2 10.0 i 2.48 910578 
5 0 -- -- -- -- 
6 1 1A 7) 0.0 0.00 A, 
7 0) -- -- -- -- 
8 1 17.0 0.0 0.00 aly) 
9 i iS) 7/ 0.0 0.00 19% 7 
10 1 2210 0.0 0.00 22.0 
11 i 23743 0.0 0.00 23153 
i2 2 26.0 0.4 ORS 2 Dien 2 Of 2 
Total = 11 
TABLE XXXII 


AGE STRUCTURE OF MACOMA CALCAREA FROM LOWER COOK INLET STATION 54, 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
70 0 =s a = = 
iL 0 -- -- == —= 

2 3 4.9 O53 0.45 4.6- 5.2 

5} 4 IRS 0.6 0.69 6.8- 8.1 

4 2 53} OL1 0529. 9.2- 9.4 

5) 4 IU Y/ 1.4 eZ 10.7-12.7 

6 2 ba) 0.4 0273 14.2-14.7 

Total = 15 
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Tellina nuculotdes 

Six hundred and seventy-three TVellina nuculotdes were aged. The col- 
lection locations are listed in Table I and shown in Yigure 47. The annual 
increase in shell length for each of the size classes in Cook Inlet was 
typically 0.5 to 2.0 mm. Growth was similar at all stations, and varied 
only slightly from year to year (Figs. 48-53). The calculated F ratio 
indicates that age classes, as defined by shell lengths, are statistically 
distinguishable (a=0.01; Table II). The integrity of the age classes 
is further illustrated in Figures 54-57 where it can be observed that 
none of the standard errors of the mean overlap (Hubbs and Hubbs, 1953). 
The majority of the 673 specimens examined were between 5 and 10 years 
of age. Station UW2 had a different age structure from that found at 
all other stations; 71% of the 7. nuculotdes from UW2 were in the 1 year 
class (Tables XXXIII-XXXVI). Calculations using the age structure 
tables (Tables XXXIII-XXXVI) indicate extensive mortality occurs after 
9-10 years of age. The oldest and largest 7. nuculoides collected were 
13 years of age and 16.4 mm in length, respectively. The growth data 
are summarized in Tables XXXITI-XXXVI and Figures 48-57. 

The mean shell length at any given annular age, from 1964 to 1976, 
showed some variation (Figs. 48-53), but at any given age the size 
typically (326 of the 336 mean annular lengths, Figs. 48-53) fell within 
1 mm of the standard deviations calculated for each age class (Tables 


XXXIII-XXXVI). 


DISCUSSION 


Nucula tenuts 

Survival within each year class varied from station to station 
(Tables III-VIII). However, when specimens from all stations are combined 
(Table III) it is apparent that the number of individuals in year classes 
0 through 4 are relatively abundant in comparison to year classes 5 
through 7. This difference is attributed to increased natural mortality 
in clams older than 4. The similarity in year class strengths of clams 
0 through 4 years of age suggests that annual recruitment and survival, 


while patchy at individual stations, were relatively stable for Cook Inlet. 


Text continued on page 291 


Tilak 


Kalgin Island 
\ 


Study area 


Te/llina nuculoides 


J 
¢ Anchor Point 


LOWER Sw "37® 
OOK INLET Homer { KACHEMAKL A 
BAY 


444 
45@ @ O44 @22 


UOG 
KENA 
uw2@@ @31 @30 


Augustine PENINSULA 


Island 


@23 


KAM/SHAK 
BAY 


KENNEDY 
ENTRANCE 


Barren Islands 
Bees 
e a 


x35 Cape Douglas 


Figure 47. Distribution map of all Tellina nuculotdes from Cook Inlet 


stations. The shaded portion represents the tract selection 
area. 


712 


All Stations (Cook Inlet) Tellina nuculoides 


eS is] ~ . Ww o Tins foe) 
BulSol(SolSuls elses als also 
J3|/23/-3/-2|-3/-2|-2/-2)]-2 
Ss i= = € c 
Saql=ql2el=el=aqiFgleql=cl=Z 


tS Jf 9.0 313.3> 4.5) 114. 93s115 4 116.0 S16 42 
rissa [race | 96s [1967 [1968 [1969 | 1970] 1971] 1972 [1975 [1976] 1976 [1676] 
YEAR OF ANNULUS FORMATION 

* MS L = Mean Shell Length, mm 


| 659 | 


Figure 48. Growth history of Tellina nuculotdes from nine Cook Inlet 
stations. 


Jibs} 


Station 31 (Cook Inlet) Tellina nuculoides 


eT NILTMl, Poe em en £8 
Cowl Sunil teusl Bul Gunlisawuws|s a 
J2/32/-2/-2/-3|/-2|-2 
nZ1n Z| Z2[m Z| Z2/m Z2|n 2 
SSlSSl(SSlESlEE EEE 


eo [= [= [=]— [mon 


7 | 
Total] 
YEAR OF ANNULUS FORMATION { 19 | 


*M_S L = Mean Shell Length 


Number i 
Age Cla: 


Figure 49. Growth history of Tellina nuculotdes from Cook Inlet Station 
Si, 


714 


Station 42 (Cook Inlet) Tellina nuculoides 


Annulus 1 
MS Lat 
Annulus 2 
MSL at 
Annulus 3 
MS Lat } 
Annulus 4 } 
MSLat 
Annulus 5 
MS Lat | 
Annulus 6 
MSLat 
Annulus 7 } 
MS Lat 
Annulus 8 
MS Lat 
Annulus 9 | 


e 
a 
4 
” 
2 
* 


Poe eed cee isos eee oes seme esis ines avalos dio Total 


YEAR OF ANNULUS FORMATION 
*M_S_L = Mean Shell Length 


Figure 50. Growth history of Tellina nuculoides from Cook Inlet Station 
42. 


7ftS: 


Station 44 (Cook Inlet) Tellina nuculoides 


oO 

oN ~ Ml LT ~ WM), 0 aL is ~ © ~D oe = £8 
Bn!l Tn! Bul Bun! Gul] ow wn] © wm] GB wis y, 
a2 42/34 3 22 4a2i/42/43 42 Zips 
21M Z[M 21M Z[m 2/m 2] 2] Zlw 2 
te S ro e rl I e e £ 
= E(SEl=SlEFl=BZl=zZlSElBEl=E 


Ww 


IN) oO ° N N Age Cla 


WwW 
oS 


2 [seta lta fala |u| | = | veo cin 


PENNE 6.255 “19.4 NER LION IES 
| 1966 | 1967 | 1968 |1969 | 1970 | 1971 | 1972 | 1973 | 1974 | 1975] 1976 |Total| 
. YEAR OF ANNULUS FORMATION | 219 | 
*M_S L = Mean Shell Length 


Figure 51. Growth history of Tellina nuculotdes from Cook Inlet Station 
44, 


716 


Station 63 (Cook Inlet) Tellina nuculoides 
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Figure 52. Growth history of Tellina nuculotdes from Cook 
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TABLE XXXIII 


AGE STRUCTURE OF TELLINA NUCULOIDES FROM NINE LOWER COOK INLET STATIONS 
(UW2, 30, 31, 40A, 41, 42, 44, 45, and 63) (See Table I and Fig. 47). 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
e of clams) (mm) (mm) (mm) (mm) 
0 14 2S OFZ Os1L 2 b= 2ri7) 
1 70 3.6 0.4 0.09 2.8- 4.5 
2 20 5.4 0.6 0.28 4.7- 6.8 
3 43 Tied 1.0 0.30 6.0-10.6 
4 47 8.8 Pol 0.31 6.7-12.3 
5) 95 10,2 5 0.30 7.5-13.9 
6 120 LOR, eS 0.23 7.8-14.1 
7 112 11.4 iss! 0.24 9.1-14.6 
8 79 24 4 0.31 9,.6-15.6 
9 38 1253 3 0.41 10.4-15.7 
10 20 Shy) 1.4 0.66 11.6-16.2 
ial iL 14.2 1.4 ORO 12.2-16.3 
72 22 15.0 0.6 1.24 14.6-15.4 
13 aL 16.4 0.0 0.00 16.4 
Total = 672 


TABLE XXXIV 


AGE STRUCTURE OF TELLINA NUCULOIDES FROM LOWER COOK INLET, STATION 42. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 
(Age of clams) (mm) (mm) (mm) (mm) 
0 0 -- -- -- -- 
1 0 -- -- -- -- 
2 5 Sa 0.4 0.41 4.7- 5.7 
3 15 7.9 1.0 0.55 6.7-10.6 
4 28 8.9 ies) 0.52 6.7-12.3 
5 47 10.3 1.6 0.46 8.1-13.9 
6 54 10.9 i085) 0.40 8.2-14.1 
7 52 11.6 1.5 0.41 9,1-14.6 
8 Al 12.8 1.6 0.49 9.6-15.6 
9 22 1S e 2 1.4 0.63 10.4-15.7 
10 10 14.3 LS 0.90 12,2-16.2 
ii 9 14.6 be 0.95 12.2-16.3 
12 2 15.0 0.6 1.24 14.6-15.4 
13 1 16.4 0.0 0.00 16.4 
Total = 286 
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TABLE XXXV 


AGE STRUCTURE OF TELLINA NUCULOIDES FROM LOWER COOK INLET, STATION 44. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 ae ip a a 
a =e ae se pia 

2 2 6.0 5%) 1.86 5.4- 6.6 

3 22 7.4 LEO 0.45 6.0-10.0 

4 10 wo al 0.8 0.54 TESA S 7) 

5) 33 LORS I) Oooul 7.5=12).19 

6 55 LOS ibe O32 Tos isig® 

7 49 ibikaes Le Al eeu 9.8-14.4 

8 34 a2oul Iga O37 IH O}e alas 2 

y) 10 eS 2 0.82 10.5-14.3 

10 2. 1334 20 gard IMAL (ALS 7 

itl 2 12.6 Oe ON 2H: Bayle T/ 

Total = 219 


TABLE XXXVI 


AGE STRUCTURE OF TELLINA NUCULOIDES FROM LOWER COOK INLET, STATION UW2. 


N = number of clams. ML = mean length of clams. SD = standard deviation. 
SEM = standard error of the mean. R = range. 


Year Class N ML SD SEM R 

(Age of clams) (mm) (mm) (mm) (mm) 
0 14 Zid Or Oma Zivl= 2nd, 
1 67 3:6 0.4 0.10 2.8-4.3 
2 9 Dig 0.4 0229 4.8-5.9 
3 2 7.0 Oak Om21 6.9-7.1 
4 0 = ss we we 
5 2 ORS 0.0 9.00 AKO}SS} 

Total = 94 
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Although no WV. tenuts older than 7 years of age were found in Cook Inlet, 
the species can survive at least 9 years in Alaska as indicated by data 
from the Bering Sea (Feder, unpublished OCSEAP data). There was no 
apparent gear bias in age sampling of this species, as the age classes 
were well represented in the collections as shown in age structure 

Table III. 

Similar growth, size at age (Tables III-VIII; Figs. 5-6) and growth 
histories (Figs. 2-4) were observed for JW. tenuts from the Cook Inlet 
stations examined. Neyman (1964) reported mean shell lengths of 1.0, 
1.5, 3.9, 5.3, 6.9 and 9.3 mm for W. tenuts from the eastern Bering Sea 
for age classes 0 to 5, respectively. These shell lengths compare with 
Wee 23. 393,04. 35 53° and 6.2°mm*for our Cook Inlet ‘specimens: ‘there= 


fore, this clam appears to grow slightly faster in the eastern Bering Sea. 


Nuculana fossa 

Survival within each year class varied from station to station (Tables 
IX-XII). However, when specimens from all stations are combined (Table 
IX), it is apparent that the number of individuals in year classes 0 through 
6 are relatively abundant in comparison to year class 7. This difference 
is attributed to increased natural mortality in clams older than 6. The 
similarity in year class strengths of clams 0 through 6 years of age sug- 
gests that annual recruitment and survival, while patchy at individual 
stations, were relatively stable for Cook Inlet. Although no I. fossa 
older than 7 years of age were found in Cook Inlet, the species can survive 
at least 9 years in Alaska as indicated by data from the Bering Sea (Feder, 
unpub. OCSEAP data). There was no apparent gear bias in age sampling 
of this species, as all age classes were well represented in the collec- 
tion as shown in age structure Table Ix. 

Similar growth, size at age (Tables IX-XII; Figs. 12-15), and growth 
histories (Figs. 8-11) were observed for NV. fossa from the Cook Inlet sta- 
tions examined. Neyman (1964) reported mean shell lengths of 1.3, ea thie m {oye tyes 
9.1, 12.4 and 16.1 m for WN. fossa (called Leda pernula by the author; see 
Abbott, 1974) from the eastern Bering Sea for age classes 0 through 5, re- 


spectively. These shell lengths compare with 2.1, 3.7, 6.7, 9.0, 10.9 and 


12.9 mm for our Cook Inlet specimens; therefore, this clam appears to 


grow slightly faster in the eastern Bering Sea. 


Glyeymerts subobsoleta 

Relatively stable recruitment and/or survival is suggested for year 
classes 0-4 (Tables XIII-XIX). The very large number of one-year old 
clams observed at only one station (Sta. 28) is indicative of the patchi- 
ness of the infauna frequently observed in lower Cook Inlet (Feder, unpub. 
OCSEAP data). Ninety-one percent of the G. subobsoleta sampled were in 
the 0 to 4 year classes; however, this species may survive for at least 11 
years (Table XIII). There was no gear bias apparent in the collection of 
G. subobsoleta, and all age classes were well represented in the samples 
as shown in age structure Table XIII. Natural mortality explains the 
marked decrease in numbers after age 4. No data are available on mortal- 
ity of this clam for other areas. 

Similar growth, size at age (Tables XIITI-XIX; Figs. 24-26) and growth 
histories (Figs. 17-23) were observed at all of the Cook Inlet stations 


examined. No growth data are available for this species from other areas. 


Sptsula polynyma 

The van Veen grab and pipe dredge did not penetrate the substrate 
sufficiently to collect clams over 30 mm in length; therefore, no data on 
recruitment and survival for this species are available. The anchor 
dredge used by the Alaska Department of Fish and Game in Kachemak Bay 
provided the only large (greater than 30 mm in length), fresh specimens 
of S. polynyma available to this investigation. It is suggested that a 
hydraulic clam dredge is necessary to adequately sample this species. 

Growth data are available for intertidal S. polynyma from Hartney 
Bay, Prince William Sound, Alaska (Feder et al., 1976), and mean shell 
lengths of 8, 13, 22 and 32 mm are reported for clams aged 1 through 4, 
respectively. These shell lengths at age are similar to those noted for 
S. polynyma from Cook Inlet (Table XX). However, in older clams, growth 
appears to be somewhat greater in Prince William Sound than in Cook Inlet. 


For example, at 10 and 16 years of age Hartney Bay clams averaged 98 mm 
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and 139 mm, respectively. This compares with 92 mm and 118 mm, re- 
spectively, for Cook Inlet clams (Table XX). The size difference 
between the two areas may be the result of small sample sizes for 
clams older than 4 years in the Cook Inlet material. A gear bias was 


apparent in the collection of S. polynyma. 


Macoma calearea 

Survival within each year class varied from station to station 
(Tables XXIV-XXXII). However, when specimens from all stations are 
combined (Table XXIV) it is apparent that the number of individuals in 
year classes O through 5 are relatively abundant in comparison to year 
classes 6 through 14. This difference is attributed to increased nat- 
ural mortality in clams older than 5. The similarity in year class 
strengths 1 through 5 suggests that annual recruitment and survival, 
while patchy at individual stations, were relatively stable for Cook 
Inlet. There was no apparent gear bias in age sampling of M. calcarea, 
as all age classes were well represented in the collection as shown in 
age structure Table XXIV. 

Similar growth, size at age (Tables XXIV-XXXII; Figs. 43-46), and 
growth histories (Figs. 37-42) were observed for M. calearea from the 
Cook Inlet stations examined. Neyman (1964) reported mean shell lengths 
of 2.0, 4.1, 6.4, 10.7,:16.9. and 17.9 mm for M. calearea from the east-— 
ern Bering Sea for age classes 0 through 5, respectively. These shell 
lengths compare with 1.9, 3.4, 5.3, 7.4, 9.2 and 11.9 mm for our Cook 
Inlet specimens; therefore, this clam appears to grow faster in the 


eastern Bering Sea. 


Tellina nuculotdes 

Survival within each year class varied considerably from year to 
year (Table XXXIII). For example, the 6 and 7 year old clams were most 
abundant while there was a paucity of O and 2 year old clams. Sixty 
percent of the 7. nuculotdes examined were in the 5 through 8 year 
classes (Table XXXIII). These strong year classes indicate variable re- 
cruitment and/or survival. This species is capable of living 13 years, 


with natural mortality low until age 8 is reaches. There was no gear bias 
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apparent in the collection of 7. nuculotdes, and all age classes were 
well represented in the samples as shown in age structure Table XXXIII. 
No data on mortality of this clam are available from other areas. 
Similar growth, size at age (Tables XXXIII-XXXVI; Figs. 54-57), and 
growth histories (Figs. 48-53) were observed for 7. nuculotdes at the 
Cook Inlet stations examined. No growth data are available for this 


species from other areas. 


GENERAL CONCLUSIONS 


If the age structure of the six species from all stations (Tables 
VI, XII, XXII and XXXV) are considered, it is evident that in lower Cook 
Inlet there are no years when zero recruitment occurs. This is not the 
case for individual stations where the number of clams at a given age is 
variable. As a result of this variability, population monitoring at indiv- 
idual stations may not be feasible, but use of pooled data from a number 
of stations should be possible. No data concerning recruitment or survival 
of other Alaskan subtidal clams are available for comparison (data from 
additional clam species from the Bering Sea will be available in the final 
report for that area: Feder, unpub. OCSEAP data). However, complete year 
class failures on individual beaches have been observed for the Alaskan 
intertidal clams Protothaca staminea (Paul et al., 1976a) and Saxidomus 
gigantea (Paul et al., 1976b). Distinct year classes, yearly growth, and 
growth histories of these clams can be measured by the annular aging 
method. Measurement of growth and growth history, provides a promising 
technique for detecting changes in the environment which affect the growth 
rates of bivalves. These data are also necessary for the determination 


of mortality rates and secondary production. 
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